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Whether the operation requires high or low 

temperature, whether large or small oven, oi! 
tempering or pot hardening . . . for high or low 
pressure gas . . . no matter what the heat treating 
operation, there is a correct SC Standard Furnace for 
the job. 

Because of years of experience gained from thous- 
| ands of SC gas burning installations, you are assured 
of the correct installation of the right equipment to 
as do your job. You are assured of efficient operation, 


uniform quality-production and continued satis- 
10 faction. 
Consult SC engineers about your heat treating 


problems, 


1—High Speed Muffle Furnace. 2—Pot Hardening Furnace 
3—High Speed Oven Furnace. 4—Large Oven Furnace 
5—Small Oven Furnace. 6—Immersion Heater. 7—Diffusion 
Forge. 8—Pot Hardening Furnace. 9—Soft Metal Melting 
Furnace. 10—Slot Forge. 11—Rivet Heater. 12—Aiir Heater 


Surface Combustion 


Toledo, Ohio . Sales and Engineering Service in Principal Cities 


of ATMOSPHERE FURNACES ...HARDENING, DRAWING, NORMALIZING 
’ “"" ANNEALING FURNACES FOR CONTINUOUS OR BATCH OPERATION 
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WORLD'S LARGEST 
PRODUCER OF ELECTRIC 
FURNACE STEEL 


TIMKEN 


ALLOY STEELS 


FOR GEARS THAT LAST 
LONGER AND COST LESS, 


Put your gear steel requirements up to Timken 
Then you will be in line to get better gears 
at lower finished cost 

CARBURIZING STEELS 


Timken Nickel-Moly is the ace of carburizing steels. 
Its outstanding service and economic advantages 
have been proved by years of use in Timken Tapered 
Roller Bearings—the supreme test—and in the ring 
gears and pinions of leading gear manufacturers. 
It combines superior strength; excellent machin- 


ability; high carburizing efficiency; uniform re- 
sponse to heat treatment; and high core ductility. 
It can be quenched direct from the carburizing 
medium, with minimum distortion. This distor 
tion is so uniform that piloting, lapping and grind- 
ing are reduced to the vanishing point. 


OIL HARDENING STEELS 


Timken oil hardening steels lend themselves to 
every fabricating process with the same smooth- 
ness, accuracy and uniformity—whether it is the 
machining of spur or helical gears or the broach- 
ing of internal gears. 


They respond satisfactorily to heat treatment, and 
show such uniform distortion that shop practice 
can be stabilized and piloting, lapping and grind- 
ing cut to the bone. 


Their superior strength and endurance have been 


THE TIMKEN STEEL AND TUBE COMPANY, 


amply proved in the transmissions of leading makes 
of passenger cars. 


Behind both types of steel, assuring the highest 
development of their individual characteristics, is 
the same basic combination of uniform chemical 
and physical properties: uniformly controlled grain 
size; and correct metaliographic structure; result 
ing from Timken’'s exacting manufacturing methods 
and rigid quality control. It will pay you to con- 
sult Timken metallurgists now. 


CANTON, OHIO 


District Offices or Representation in the following cities: 


Detroit New York Los Angeles’ Boston 


Chicago 


Philadelphia 


Houston Buffalo Rochester Syracuse 


ALLOY STEELS 
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Testing Thin-wall Tubing on the 
“ROCKWELL” 


It has been customary to make “Rockwell” 
hardness tests on tubing just as on solid round bars. 
when the wall of the tube is sufficient to prevent 
permanent set under testing load. Mlany tubes have 
walls too thin for that method. Pieces have then 
generally been cut from the tube and have been 
tested, convex side resting on the flat anvil or con- 


cave side resting on a mandril-like support. 


Often. however. it is desired to test a thin-wall 
tube near its ends, but without cutting a piece out. 
This can be readily done on the “Roekwell” with 


the fixture illustrated above and which we have 
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built for several tube companies, It isa clamp that 
gives proper anvil support and covers a great range 


of sizes with only two mandril-like members. 


When the tubing is long the major length is 
supported by some suitable table or rest devised 


by the user to meet actual conditions. 


IIlustration at left shows anvil clamp for tub- 


ing on a “Roekwell”. 


WILSON MECHANICAL INSTRUMENT CO., INC. 


379 Concord Ave. New York 
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Rolling Billets at Timken 


} hin ] byy ( Kuhler 


Flakes are internal cracks caused by stresses set up 


when the forging passes through a depressed critical 


range. The remedy is a slow and controlled cooling rate. 


Never let the piece go below 700 F. until grain is refined. 


Prevention of Flakes 


In Alloy Steels 


THE oFf-RECURRING problem of “diseases” 

met in fine steels is not unlike that which 
the physician meets in combating ailments in 
the human body. Each generation there comes 
an epidemic of troubles which lessen as_ the 
individual citizen becomes more thoroughly ap- 
preciative of the root causes. 

To illustrate the point, we may cite a few 
metallurgical examples that are as old as ma- 
chinery: (1) Failures resulting from = the con- 
centration of stresses at sharp corners and 
angles. (2) Failures which result) from tool 
marks left on highly stressed surfaces, such as 
axle journals, or failures due to the chatter 
marks from rough cutting too near to finish 
size. (3) Unsuspected grinding cracks, due to 
heavy grinding or grinding with a dirty, loaded 
Wheel. (4) Longitudinal cracking of journals 
which, while carrying a direct load and run- 
ning at relatively high peripheral speeds, are 
highly stressed on the surface due to repeated 
heavy braking action. 

So-called flakes as a cause of failure are 
more recent. They appeared when alloy steels 
were adopted by the engineering industry. Al- 
though this disease was known to some of us 


25 vears ago, the sudden expansion and appli- 


By H. H Ashdow 1) 


Metallurgist, Westinghouse Electric 
Co.. East Pittsburgh. Pa 
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cation of alloy steels during the War brought 
with it a world-wide epidemic of this trouble. 
Possibly the situation was most acute in the 
United States, owing to the large number of 
plants which were suddenly called upon to 
make, for the first time, alloy steel forging billets 
and alloy steel forgings. It may fairly be said 
that the problem was not whipped at that time, 
as far as American forge shops were concerned, 
for even at the end of the War rejections of 
From 1918 to 1920 the 


editor of Mera Progress was responsible for 


gun tubes were large. 


the publication in Chemical and Metallurgical 
Engineering of a number of articles from dif- 
ferent observers on the causes and prevention. 

As a result of several vears’ previous study 
of this subject, the writer in 1916 presented a 
paper to the Sheflield) Metallurgical Society, 
England, indicating the cause of this disease 
and the stage of manufacture at which flakes 
developed. The views of the fractured test 
pieces and plate reproduced on page Lt and 15 
were submitted on that occasion. At that early 
period the suspected cause was a volume change 
a comparatively low falling temperature 
when the metal was in a relatively weak struc- 
tural condition. One reason for this conclusion 
was that certain types of large armor-piercing 
projectiles developed flaky fractures when the 
forgings had been allowed to cool normally in 
stead of very slowly. 


Since that time a number of papers and 
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technical articles have been published, includ- 


ing one by the writer which appeared in Jron 
Age, May & 1980. A correlation of the litera- 
ture on this subject appeared in Melals and 
A/loys in’ April by Sauerwald, Gross, and Neu- 
endort!, who also confirm by their researches 
the above-stated cause of this disease. 

The necessary precautions to prevent if 
have been discovered and in many instances 
are now being applied. The writer has, how- 
ever, quite recently seen several instances of 
this trouble. It therefore may be assumed that 
these are not isolated cases and as these defects 
may at any time lead to most serious conse- 
quences, a retrospective review is deserving of 


the publicity it is again receiving. 


Volume Changes During Cooling 


Many of the common alloy steels have a 
low critical range when cooling from the high 
forging heat. It is well into a= black heat, 
and in this state the material has become 
very rigid, with a very small capacity for 
deformation. Changes from austenite (gam- 
ma iron) to pearlite (alpha iron) involve an 
expansion in volume, which develops high ten- 
sion stresses and may result in many small 
internal fractures. It will be appreciated that 
large forgings usually are of a comparatively 
coarse crystalline structure, which again offers 


planes of weakness and a more easy path for 
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Standard Tension and 


Bend Test Bars Which kx- 
hibit Flakes or Cracks E-xist- 
ing in the Original Metal 


fracture due to these 
highly developed stresses. 

If a forging or rolled 
bar known to contain 
these defects is fractured 
in the as-forged condition, 
these defects are not de- 
tectable because, like the 
cracks themselves, the 
whole fracture has taken 
place through the coarse 
erystalline  bounda- 
ries. Furthermore, the 
facets of these small 
cracks are not discolored, since they have been 
sealed within the material and oxygen excluded. 
If a portion of this forging is now taken and 
refined by quenching and drawing and _ then 
fractured, the cracks which have occurred in 
the first cooling from the forged condition will 
still present the shiny, coarse, crystalline frac- 
ture and be highly reflective, while the major 
portion of the steel will have assumed a much 
smaller grain size presenting a comparatively 
dull background. 

As these defects often do not develop at 
the extreme ends of the forgings, a reasonable 
crop end must be removed before polishing 
and etching. They then appear as black lines. 

Evidence that these defects take place im- 
mediately after forging is that with few excep- 
tions these small fractured areas are almost 
entirely circular and reasonably flat. Had they 
existed in the ingot or occurred during the 
forging process they must have been clongated 
and would have an orientation favoring the 
direction of maximum work. Again, we may 
take a large forged bar and cut it in half while 
it is still at forging temperature, and allow one 
half to cool on the floor. That half will be 
found full of these defects. By taking certain 
precautions with the other half, it will be found 
to be entirely free from them. 

Some observers, notably Giolitti, believe 
that flakes are induced by or at least associated 


with non-metallic inclusions in the steel. This 
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nust be a secondary cause, for in our experi- 
nce the steels most susceptible are the cleanest 
und most carefully made, and those more im- 
nune are the dirty steels which on that account 
show very unsatisfactory transverse physical 
properties. It is possible that the “woody” 
ibrous fracture due to distributed slag has been 
onfused with the flaky fractures now under 
discussion. 

In the article contributed in 19380 to Jron 
lye, We gave an account of splitting an ingot 
down its longitudinal axis, forging one half into 
» round bar and allowing it to cool in the at- 
mosphere. On examination this exposed nu- 
merous flake ruptures all radiating from. the 
central axis of the bar, not from the region 
which was originally the central axis of the 
ingot. This indicated that the primary struc- 
ture of the ingot or segregates had little relation 
to this trouble. 

In all the large masses handled by us and 
known to be sound after the forgings had been 


carefully grain refined, we never met with any 


bating flakes we are more concerned with the 
procedure immediately following the forging ot 
rolling. We must also assume, and rightly se, 
that a// alloy steel forgings of reasonable weight 
and above 3 in. cross-section are subject to this 
disease. Actual examples in tool steel, plain 
carbon steel and 5‘. chromium steel will) be 


viven later in this article. 
Gun Forgings 


Qne commentator infers that fakes are 
peculiar to gun forgings of alloy steel That 
is not true, as any hollow forging with a wall 
thickness exceeding 3 in. or a solid forging of 
greater cross-section than 3 in, made from the 
same type of steel is subject to this trouble. 
But there is good reason why gun forgings 
should receive particular mention. 

One large ordnance company lost at least 
four 15-in. guns from this very cause. For each 
forging an ingot weighing approximately TSO, 


OOO Ib. was required, vet suspicion was only 


{ Fractured Plate, About 2 In. Thick, Cut From Center of 10-1n,. Slab Full of Flakes 


single instance where defects of any nature oc- 
curred due to subsequent treatment operations, 
even after drastic quenching. It should, how- 
ever, be noted that these massive forgings were 
never allowed to go cold until they had been 
urain refined, nor cooled stone cold following 
quenching until after the final tempering heat. 
(When quenching large caliber ordnance forg- 
ngs, the muzzle end, while still warm, was 
sradually withdrawn from the quenching me- 
dium and the heavier mass tapering to the 
breech was cooled to the same uniform tem- 
erature. In this condition the warm forging 
vas transferred to a mildly heated furnace, 
itutomatically revolved, and the temperature 
‘radually raised to the desired heat.) 


It becomes evident, therefore, that in com- 
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raised when a great number of hairline cracks 
appeared on the polished interior of the bore, 
all ready for the rifling operation. 

This serious loss called for a thorough in- 
vestigation. The material in all four guns was 
of a particularly clean character as shown by 
microscopical and macroscopical investigation 
and as proved by the following average trans- 
verse tests, taken tangent to the bore at each 
end of each forging (which again was contirmed 
by transverse tests taken from the mid-length 
of the scrapped forgings). 


104,600 Ib. per sq.in 
127,000 Tb. per squn 


Yield strength 
Tensile strength 


Elongation in 2 in 16.2° 
Reduction of area 32.0 
Bend 180 
Izod impact $6.0 ft. 
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As a preliminary investigation, it was de- 
cided to cut one forging in half. From one end 
a complete ring about 2 in. thick was removed; 
one transverse face was polished, and on etch- 
ing numerous hairlines were observed, varying 
from in. to in. long, traversing the thick- 
hess of the wall. This ring was then fractured 
across its central axis and a large number of 
the characteristic circular flakes were exposed 
Although 


these cracks extended to the bore, it will be 


corresponding with the etched lines. 


appreciated that on a piece of this character 
about in. of material would have been re- 
moved by machining, so that it is doubtful if 
these defects extended to the original forged 
surface. 

From what has already been said, it will 
be appreciated that a test piece cut from a sus- 
pected piece will or will not show flaky frac- 
Since the 


defects are comparatively deep seated, the best 


tures, depending on its” location. 


method of inspection is to examine the axial 
bore of a forging with a periscope. For such 
purpose the internal finish must be smooth 
enough so the hairline cracks may be readily 
distinguished from polishing scratches. use- 
ful method of emphasizing the cracks is to etch 
the bore lightly before examination to give them 
the appearance shown above, repolishing the 
surface when it has been accepted. 

It had long been recognized that work on 
alloy steels, down to a temperature of around 
1500) b., causes internal stresses in the material. 
This is the range of cold work, rather than hot 
work. It was decided that no future forgings 
should be worked below a temperature of 1600 
FF. Added resistance to flow of the steel below 
this degree is readily indicated at the forging 
press by the increasing pressure necessary to 
effect displacement, or by the solidity of the 


blow from the hammer. 


Recommended Practice 


Forgings completed in one heat may be 
taken directly to a preheated annealing furnace 
and equalized at 16000 F., then allowed to cool 
slowly down to 500° F. in the sealed furnace, 
reheated to 1600 to 1650° F. to refine the grain, 
and again allowed to cool slowly down to room 


temperature. Long forgings requiring two or 
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more heats, and which had been worked up to 
the stage preparatory for turning round the un 
forged end into the furnace and the finished 
end out, were taken to a special annealing fur 
nace. In this furnace, which was taper heated. 
the finished end was heat treated, grain refined 
as a finished forging, and then allowed to coo! 
normally (all danger of flakes having thus been 
removed), while the opposite end was raised 
to and maintained at 1100 to 1200 


nary to inserting into the forge furnace. 


prelim) 


Although this is the safest procedure, it ts 
somewhat costly. A less certain method (a! 
though in most cases it has proved quit 
effective) is to bury completely in sand or dry 
ashes those forgings which are finished in on 
heat, thus allowing them to cool down ver 
slowly and uniformly through the critical rang: 
The heat in the forging is sufficient to equaliz 
them, providing, as already stated, forging he 
been completed at a good red heat. 

Forgings of considerable length require sey 
eral heats and must be turned end about in t! 
furnace; the hot end outside of the furnac 


must be suitably protected to insure slow co 
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-In. Round Bar, Cut Some Distance From 
shed and Etched With 5° Nitric Acid in Al- 
tom of page ts axle. broken for study aft» 
os had developed suspicious internal check. 


ing. Hollow forgings may be given a feed of 
coal or coke, the open end bricked and claved 
up, and the whole buried in a mound of sand 
or ashes. When it is necessary to turn the forg- 
ing over to equalize the heat, great care must 
be taken not to uncover the buried portion, as 
it may be at this very period that it will be 
passing through the dangerous temperature 
zone and all precautions so far taken would 
then have been of little service. 

Where forgings are known to contain flakes, 
they need not be scrapped, as these defects 
have perfectly clean, unoxidized faces. At a 
forging heat they will weld together perfectly. 
Macroscopic and microscopic examination of 
these reworked forgings shows complete homo- 
veneity; transverse tests indicate normal physi- 
cal properties. Solid forgings may, therefore. 
if Naky, be reforged to reduced diameters and 
hollow forgings expanded on the mandrel. Ii 
is, of course, understood that these newly mad 
pieces will receive subsequently the careful heat 
treatment advised to prevent the reappearance 
of these defects. 

Large turbine forgings and generator rotor 
forgings (whether one piece or of the built-up 
tvpe) are fast reaching their limiting dimen 
sions When made of carbon or mild alloy steels. 
Designers are alive to the risks confronting any 
such forging, with marked changes in. cross- 
section, when subjected to any form of liquid 
quenching. 

To meet the demand for increased ratings, 
the only present alternative appears to be to 
depend upon air hardening alloy steels of the 
nickel-chromium-molybdenum types. Here both 
the steel manufacturer and design engineer are 
confronted with the risk of numerous incipient 
cracks due to the widely differing rates of cool- 
ing of the various portions having marked 
changes in cross-section. Such large forgings 
will require to be handled with all the care al- 
ready indicated for massive alloy steels. The 
same degree of finish in the bore and careful 


interior inspection are absolutely imperative. 
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Flakes in Other Steels 


It has been stated that alloy tool steels ar 
not subject to these defects. Lhis is incorrect, 
aus we have secn instances of it. If tool steels 
in heavy cross-section are carelessly handled, 
they are not at all immune. On one instance, 
the hammer broke down during the forging of 
a large tool steel billet, locking it between the 
blocks and holding it thus until it was practi 
cally cold. Subsequent examination showed the 
material to be badly flaked. 

The main reason why this defect is not 
more often seen in alloy tool steels is that they 
are carefully nursed at every stage of manu 
facture, are carefully cooled at the billet stage 
(where the surface is inspected and chipped), 
and usually are not allowed to get cold again 
until they assume the finished form. 

We have also seen one serious cvxample ol 
this evil in straight carbon steel of about 0.10 
carbon. It resulted from an effort to meet a 
rush order for two large crankshafts, both of 
which fortunately were scrapped before leaving 


the manufacturer's plant. One broke in twist 


ing the throws, presenting (Continued on p. 62) 
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Razor blades in production are tested by cutting a hair, by feeling the edge 


with a moist finger, or by viewing a stack of edges under a spot light. Mr. 


Peters suggests that shavability requires an edge neither too rough nor 


too smooth, and measures this microscopic roughness by corona discharge 


Measuring Sharpness of 


Razor Blade Edges 


UnNuike electricity, which can be meas- 
“@ ured but not defined, “sharpness” is easily 
understood in theory, although practice it 
has persistently cluded all known methods of 
quantitative determination. Individual opinion 
is the principal determining factor. 

Almost all industrial cutting tools operate 
as a wedge rather than an edge, prying rather 
than cutting the chip off. In such tools, the 
angle and the frictional coefficient of the upper 
bevel are far more important criteria of cutting 
efliciency than the edge itself. Safety razor 
blades are unique in a cutting action almost 
entirely devoid of wedge effect. A> study of 
razor blades unfortunately introduces a new 
criterion, for shaving efliciency is measured in 
terms of personal comfort rather than force, 
and personal comfort is greatly affected by 
edges having the slightest tendency to drag or 
pull, even though such edges might still) pass 
with flying colors any sharpness test which is 
not expressed in terms of pain. 

A correlation of clementary data on edges, 
already at hand, indicated that it is neither 
the polish nor the angle of the bevel nor the 
profile of the cutting edge, but the minute radius 
of curvature of the edge proper (just where the 
two bevels join together) which is the ultimate 


criterion of cutting eflicieney and shaving com- 


By Peter N. Peters 
New York City 


fort. The ideal edge may be visualized as a 
smooth, uniform and extremely narrow halt 
evlinder having a radius R. In practice, the 
edge is revealed under a microscope as a series 
of more or less jagged peaks, the magnitude of 
which seems to be dependent on the microstruc- 
ture of the steel and on the sharpening process. 
In theory, these peaks should be aligned at the 
intersection of planes X and Y of the first sketch 
on page 20. In practice, this could never be 
claimed for a fact. 

It would appear that any deviation of the 
cutting edge line from its optimum location at 
the intersection of planes X and Y would not 
be objectionable of itself, were it not for the 
attendant variation in both sharpness and cut 
ting characteristics of the edge along such 
deviating sections. When, for instance, a grain 
of steel happens to be torn away by use, pro- 
ducing a small valley or nick, the “dullness” 
is not due to the impaired profile so much as 
itis attributable to the fact that, in cross-section, 
it has a greater radius of curvature. This means 
that the edge, at that particular point, has a 
tendency to shear rather than cut. On the other 
hand, should the edge protrude beyond its nor- 
mal position in an excessively fine peak (“wire” 
or “burr’), it might cut better than the rest otf 
the edge but could not stand up and, having 
collapsed at the base, would be likely to turn 
into relatively large radius. The problem is 
to produce an edge that is not only sharp and 


uniform but durable as well; an edge neithe! 
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sharp nor dull but just right — in between. 
Indications are strong that the shift of the 
ire edge line in the plane Y is of no moment 
ther dimensions remain the same. The per- 
mance of such a blade in a holder, however, 
iv be totally different, because of a changed 
ale of attack, and other factors introduced 
combination with the holder. Should any 
ch deviations occur only some sections 
ong the edge, the effect would be distinctly 
trimental — vet such blades, by virtue of their 
acksaw effect.” have been often found to per- 
rm very well in several accepted sharpness 
sts except the actual shave. An individual 
peak inclined toward the face may scratch the 
skin, Whereas a deflection away from the face 
ould bend the hair follicle and cut it at an 
ute angle, if at all, and produce the razor 
“pull? which is so objectionable. 

Incidentally, the advantages of the freely 
advocated diagonal, or “barber's” stroke, are 
due to the fact that the hair is severed by a 
series of comparatively shallow but successive 
incisions caused by a procession of peaks. In 
other words, the diagonal stroke is beneficial 
primarily because the edge line is never smooth 
and, even at best, the theoretical half-cvlinder 
may be visualized as an uneven and more or 
less meandering ridge. 

The individual peaks or mounds along this 
ridge must be of proper dimensions. When too 
large, they neither bite into nor cut the hair; 
for this reason relatively coarse grained edges 


tend to be a little dull. Conversely, when the 


vrains are small enough to bite at once without 
dragging the hair follicle in search of a sharper 
or, rather, rougher spot) — and vet not too small 
a pertect 
The third 


condition, when the grains are cither too small 


to collapse during the very first cut 


shave should be the logical result. 


or too soft to penetrate, renders such edges just 
as unlit for use as the ones which are too dull. 
The grains mentioned above need not be steel 
but may be due to oxides such as rust. (Natu- 
rally, as was pointed out before, none of these 
conclusions apply to industrial tools which cut 
aus a wedge rather than as an edge.) 

The theory that, within certain close and 
definite limits, sharpness is synonymous with 
roughness, readily explains why none of the 
many sharpness tests now in existence can be 
successfully correlated with actual shaving ex- 
periences. 

To begin with standard factory inspection: 
This is practiced today by viewing stacks of 200 
to OOO blades at a time at an angle of about 
I) to a beam of light. The inspector notes the 
variations in intensity of the reflection from 
the edge due to the slightly flattened portions 
at nicks, wire, and dullish or “gray” sections. 
Within the last few vears, several attempts have 
been made to use a photocell for measuring 
and recording these variations in light intensity, 
with some experimenters reporting very encour- 
aging results. (See R. W. Woodward, /ron Age, 
June 22.) 

Crude as it is, such factory inspection still 


seems to be the best. most rapid, and reliable 


Razor Blade Edges at 200 Diameters. Honed edge at left. pol- 
ished edge at right. Courtesy Electrical Testing Laboratories 
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method of production control available at this 
time. Unfortunately, it is limited to the detec- 
tion of irregularities well in excess of the degree 
fatal to comfortable shaving. No amount of 
naked eve examination or scrutiny under a 
microscope reveals the difference in shavability 


of two cutting edges both of which are sharp, 


Cross-Section of 


of Ideal Razor Blade 


but one somewhat sharper than the other. Yet 
this particular problem of grading sharp edges 
is of utmost importance to the industry in set- 
ting and adjusting the sharpening machines. 
(Such adjustments are still being made by the 
trial and error method, dependent entirely on 
the personal opinion of the operator.) 

Kxamination under a microscope may re- 
veal defects which cannot be observed by the 
naked eve. Adequate magnification, however, 
presupposes accurate focusing. Accurate focus- 
ing means that the edge may be viewed only 
in one plane, vet the edge is essentially a three- 
dimensional affair. It is, perhaps, this three- 
dimensional characteristic of the cutting edge 
which tends to detract from the value of a mi- 
croscopical examination. The profile of the 
cdge, however highly magnified, is mot neces- 
sarily a criterion of its cross-section normal to 
the plane in view. 


Hence, visual tests have only a negative 


Wiring Diagram of Installation for Measuring Corona 
Discharge From Sharp Blades. Motor-generator set pro- 
duces waves of desired characteristics, which are passed 
through a voltage regulator. 


value —— an edge observed to have a defect co; 
be assumed to be defective, but the reverse cd: 
not necessarily hold true. 

Among the several paper-cutting tests whi 
came in for a great deal of comment outsi: 
the safety razor industry but evoked very lit! 
interest within, the better known is done in 
device described by Honda in Merat Progres 
March, 1931, and in more recent equipm: 
proposed by Palmer in Consumers’ Resear 
Bulletin for April. The hacksaw effect of 
blade edge penetrating a stack of paper strips 
seems to be an important factor in the Hond 
procedure, while the angle and the polish of thy 
bevel may often tend to obliterate the true sig 
nificance of the readings taken on the Palme: 
apparatus. 

An effort to eliminate the wedge effect led 
to the development of the thread cutting ma 
chines of various designs described by Wood 
ward. In these the blade is made to sever « 
taut thread; the force is used as a criterion ot! 
sharpness at that particular point. The cond 
tions of the test are a somewhat better appros 
imation of those which obtain in the actual! 
shave — assuming that the thread remains uni 
form. 

The latest method and apparatus for quan 
titative determination of sharpness have been 
announced in Germany by G. Schmerwitz 
Die Umschau, Oct. 15, 1982. His approach to 
the problem is not unlike the one outlined 
the present paper, vet the suggested solution ts 
entirely different. He measures the radius o! 
curvature between the two edge bevels by rock 
ing the blade on a flat plate and measuring thy 
resultant angular displacement by optica! 
means. (Razor blade edge radii, according | 
these calculations, average from to) 10 
or O.00005 to 0.000005 in.) 


Magnetic 
vo/tsge 
Reguistor 


step-up transformer, and 
tube rectifier. Leakage across 
air gap between blade and 
bar is measured by galvan- 


8] 


ometer, or estimated visu- 
ally by skilled inspector 
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Foremen and superintendents at blade man- 
cturing plants are inclined to take all above 
ts, with the exception of the accepted factory 
spection, with more than a grain of salt. They 
fer to use their own methods, which, assum- 
intelligent interpretation, still seem to be 
most reliable of all. The “hair test” is their 
e standby; the “finger touch” is the other. 
Unfortunately, the hair test lends itself 
together too readily both to misuse and to 


buse, since few razor blade edges are incapable 


more reliable. A finger, preferably moistened, 
is carefully brought in contact with the blade 
edge and then gently dragged along it. The 
sense of touch seems to offer an excellent index 
of edge roughness, but this test is limited by 


its subjective characteristics. 
Static Discharges 


Early appreciation of the fact that it was 
virtually impossible to measure directly a three- 
dimensional quantity as small as 

the edge curvature prompted the 


writer to investigate an indirect 


measurement thatis., some 


other function quantitatively re- 
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lated to these radii. Electrical 
surface density was selected as 
such a readily measurable func- 
tion, and the “corona discharge 
edge testing method” was devel- 
oped as the result. 

This is based on the well- 


known fact that, when an insu- 


lated electrical conductor of ir- 


| regular outline is charged to a 

certain potential, the charge is 

| L_ | distributed so that its density at 

| | any given point varies inversely 

: Bank) with the radius of curvature at 

4 5 a 15 20 that particular point. When ap- 
Additional Resistance in Megohms 

plying this principle to the testing 

Effect of Increased Resistance in Circuit on Sensitivity of of cutting edges, this surface 


{pparatus. Equipment may actuate magnetic selectors to re- 
move any blade discharging less than 3'2 micro-amperes (a 
poor polished edge) or more than 5'2 (an edge quite rough) 


density is stepped up high enough 
to cause a discharge to take place 


into the surrounding medium and 


of passing it if the demonstrator is at all adept. 
lhe closer the cut is made to the point of sup- 
port, the easier the follicle is severed by the 
blade before it has a chance to bend. Another 
favorite trick is to drag the hair along the edge. 
is if the latter were a string bow. Sooner or 
‘ater, there will be encountered a section rough 

iough to bite into the hair and just at that 
me, the follicle is given a barely perceptible 

rk and is cut in two. Follicles cut during 
ich “testing” reveal angles so acute that they 
ok as if they were split! 


The second test— the finger touch — is 
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its intensity and rate are accepted 
as criteria of cutting edge char- 
at this par- 


acteristics — that is, its roughness 


ticular section. In practice, the discharge is 
usually made to take place across an air gap 
separating the edge from a smoothly polished 
and plated bar of larger diameter. 

In its simplest modification the testing cir- 
cuit may comprise a secondary of a step-up 
transformer in series with a blade and an ordi- 
hary micro-ammeter. A metal bar faces the 
blade edge across an air gap, and the self- 
rectification characteristic of the edge-to-bar 
discharge is suflicient to produce unidirectional 


current of several micro-amperes. The dis- 
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charge can be observed and photographed in 


the dark, although photographing is not ree- 


ommended in view of the detrimental effect of 


ozone during the necessarily long exposures. 
somewhat) more elaborate installation is 
shown in the diagram on page 20, with some of 
its readings on the curves, page 21. 

So much for a quantitative measure of 
micro-roughness. Durability of the edge is vet 
to be investigated. The corona discharge test 
is in full accord with the assumption that. as 
far as shaving is concerned, sharpness is syn- 
onvmous with microscopical roughness, but 
only within certain close and definite limits. 
If no particular care is given to the edge bevond 
wiping dry or almost dry, 
the corona discharge seems 
to increase on the next day 
rather than right after the 3 
shave. This increase de- | 
pends on the metallurgical 


characteristics of the steel. 


Fiews at Top of Page are 
Corona Discharges Along Four 
Blade Edges of Varying ni- 
formity. View alongside repre- 
sents corona discharges along a 
new left) anda used edge(right), 
taken at 9000 and 9500 volts. 
The difference © between incip- 
tent and acquired roughness. 
in terms of luminous dis- 


charge, is readily apparent 


If a new edge is simply left in the oj 
unprotected, where humidity: may affect 
it seems to deteriorate very rapidly even w 
out any use which tends to bear out 
hypothesis that life of the blade edge is sh: 
ened by chemical rather than by mechani 
disintegration. The older the  unprotect 
blade, the rougher the edge, and the grea 
the corona discharge. 

Stropping action may also be construed 
offering some corroborative evidence, for stro) 
ping is primarily intended to remove the chen 
cal film along the edge, rather than to straight 
out the imaginary teeth. Another significas| 
fact is that an old-fashioned razor seems 
shave better after a few days of rest: hen 
the time-honored custom of having a separa! 
razor for every day in the week. A> plausil! 
explanation is that stropping tends to becons 
somewhat more effective when the chemica! 
film if there be such film is Yiven an oj 
portunity to acquire some thickness, whic! 
seems to make it less tenacious than it would 
be if attacked in its incipient stage. 

The usefulness of the corona test need nol 
be limited to the razor and cutlery industry 
Since it is substantially a method for determi 
ing the degree of roughness, visible or invisibl 
the development may prove to be of value | 
research in totally unrelated fields. Degre: 


polish, effect of lubricants and friction, and 


progress of corrosion are possible studies. 
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single operation presses may be standard, but progressive presses must be 


vira strong. Dies are made to resist unusual abrasion, even with a spec- 


i lubricant and proper clearances maintained. 


Heavy pressures and 


ouble draw beads are required to prevent wrinkling the formed surfaces. 


Stamping Automobile Parts 


of Stainless Sheet 


Orubks making stampings of the stainless 

steels (or as we have always referred 
to if “rustless”) or contemplating such fab- 
rication may be interested in some notes on our 
experiences since 1930, when Ford's initial use 
for drawn objects began. That vear’s model 
had a rustless radiator shell, as well as lamps. 
hub caps, and some minor fittings. 

In the press shop we used the same presses 
for making radiator shells as when they were 
made of ordinary steel. At the beginning of 
the line the large sheet (79Ox30x0.026 in.) was 
sheared into two sections; cach was punched 
into an oval shape. These were passed through 
greasing rolls and then directly to the first deep 
drawing operation. Here the oval was drawn 
into a form t's in. deep, as shown on page 26, 
on a toggle press of about 250 tons capacity, 
using the same drawing speed as required for 
ordinary carbon steel sheets. An air attachment 
adjusted to 35 Ib. per sq.n. pressure on the 
knock-out pad locked the blank to the drawing 
punch to prevent the metal from = skidding. 

Because of unusual pressure used on the 
draw rings to keep metal from wrinkling, it 


was found necessary to provide double draw 


' 
By MeCloud 
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beads on the long side so that this pressure 
could be reduced and still form good = shells. 
Considerable experimenting was necessary to 
determine the length and position of the draw 
beads, as these elements were found to be rather 
critical, 

In the second operation the excess edge 
on the shell (due to additional draw beads) 
was trimmed off. The third press operation 
was a redraw, which straightened the sides and 
provided a general contour finish all around. 
An expanding die was the fourth and rectify 
ing operation. Succeeding operations (such as 
punching holes, done in an expanding die) were 
performed individually in’ separate set-ups, 
making a total of 17 operations. 

Before the shells left the press shop they 
were inspected and necessary repairs made by 
hand to remove rough spots which might cause 
difficulty in polishing. 

Compared with the ordinary carbon steel 
sheet, rustless steel sheet is approximately 25' 
more ductile, but the ductility decreases faster 
during drawing operations, due to its work- 
hardening properties.  Rustless steel sheet is 
relatively softer and vet is stiffer, due to its 
higher vield point, and demands a greater allow 
ance in the die for the spring-back. It requires 
considerably more pressure to form, thus in- 
ducing severe abrasive action and inordinat 
wear on dies. 


Accordingly, die design must be moditied 


Fa 
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and special die steel is used, as will be explained 
later. Moreover, a special drawing solution for 
lubricating the sheet and dies is required. It 
was developed by the Ford Motor Co., and while 
empirical, has excellent properties. It is merely 
a cup grease softened by paraflin oil, but bodied 
by such unctuous fillers as tale and lithopone. 
Sulphur is added, as it acts partly to keep the 
dies polished, and in this way reduces scratches 
on the work. However, it) introduces other 
problems in lamp manufacture, to which | will 
refer later. 

At. critical 


drawing occurs, there is a tendency to objec- 


sections where considerable 
lionable stretch, but this is successfully offset 


by providing greater clearance. Strangely 
enough, although rustless steel sheets exhibil 
unusual work-hardening properties, the anneal- 
ing operation preceding the operation on the 
expanding die may be eliminated entirely. At 
first it was necessary to anneal before forming 
the filler 


overcome by 


neck on the radiator but this was 


punching a larger hole before 
forming the neck. 

Although the generally accepted principles 
of die design apply equally well to dies for rust- 
less steel, there are a number of important dif- 
ferences disclosed by experience. For example, 
it was noted earlier that the large blank for 


radiator shells required double draw beads to 
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ft Right Is Press With kight s 
l sed for Head Lamp Shells. 

disks are fed from a magazin 
transported from station to stat 
suction cups. Dies include fi 
second draw, trim, third draw, a; 


finishing operations around th: 


Head Lamp Door Frames Start as Hoops 
Butt Welded From Strip. The partially 
shaped ring is given the barrel contour 
in this expander. Interior pressure is 
given to the hoop through a rubber disk 


allow the metal to flow freely without using 


excessive pressure which would cause break 


age. Again, the abrasive action of rustless stee! 
is so severe that additional clearance space be 
tween the walls of the die and punch is required. 
A clearance of 0.007 in. above the thickness of 
the metal itself seems best. Another variation 
of prime importance is that all working sur- 
faces of drawing dies must be finished with a 
stone instead of an emery wheel; any slight 
inaccuracy or indentation of the surface will 
accelerate scratches and scoring of the die. 
The drawing die and rings in the produc 
tion of the radiator shell were made of close 
vrained cast iron having the following compo 
sition: Carbon 3.25'7, manganese 0.15, chrom! 
After 


machining, the die was heated to 1550° F. and 


um 0.70, nickel 2.00, and silicon 1.25°.. 


oil quenched, then reheated to 900° F. and 
cooled in air. The final hardness was between 
286 and $21 Brinell. 

The drawing punch was made from a chro 
mium die steel (non-shrinking and air-harden 
ing) well adapted for the deep drawing o! 
rustless steel. It was built up of sections seated 
ina cast iron punch shoe. The punch section 
were preheated in a furnace held at 13507 F 
transferred to another and allowed to soak 
1900 They were then removed from tl) 


furnace, hung on wires and cooled in al 
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Finally, these sections were heated to 980 F. 
and held in the furnace one hour for each inch 


of section thickness. 


Manufacture of Head Lamps 


The production of head lamps is equally 
interesting and similar to that described above. 
The centers of the radiator shell furnished half 
of the lamp body requirement, but the balance 
came in as strip stock. We now receive it in 
the shape of flat disks punched by the mill to 
the correct blank size. 

A progressive press, shown above, is used 
to form the head lamp shells. Stock in the form 
of disks is fed from a magazine, being lifted by 
suction cups. The production is about 18 shells 
per min. 

In this forming operation quite different 
inetal has been found advisable for both the die 
ind punch. The former is made of high speed 
steel, as even the special alloy cast iron wears 
foo much. The punch is carbon tool stect, 
hardened. 

One point of great interest refers to the 
‘ubricant. Generally this contains considerable 

iiphur, but sulphur in a lamp plant is a real 
lisance. If a particle of it lodges on the silver 
lated mirrors it makes specks of dark silver 


iphide. For a time it was difficult to trace 
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these defects to their source, bul since removing 
sulphur from the draw lubricant the specks 
have disappeared, 

The first press used was found to be inad- 
equate for the job and much heavier ones were 
installed. Forming head lamps also requires 
draw beads and much heavier pressure on the 
draw ring than with low carbon steel sheet. 
This is necessary to prevent wrinkling, which 
can be very troublesome due to the work hard- 
ening of the austenitic chromium-nickel steel. 

Sometimes the edges of semi-formed pieces 
would crack on standing without annealing. 
Hlowever, scrap losses have been reduced to 1 
by proper handling. 

The head lamp door is a stainless part 
that is actually made at a lower cost than the 
former brass door. Brass, rather than’ steel, 
was formerly used, partly because by its loca- 
tion it got more “polishing care” in hands of 
the average owner, so the plating was worn off 
and the door rusted quicker than the lamp body 
itself. In making the door of brass a large disk 
was used and the center was punched out. The 
center stock was in part salvaged, but the stock 
used was excessive in amount. 

Phe present design uses a rustless steel 
strip which is butt welded into a hoop. The 
flash is then sheared off and the hoop formed 


into a door ring in a series of drawing opera 


| Th pe 
25 


tions. The most interesting of these is produc- 
ing the barrel contour in the expanding press 
shown at top of page 24. In this a disk of 
rubber is used, which by compression takes a 
barrel shape and forces the steel out to the die. 
We make these rubber pads ourselves, care- 
fully controlled as to hardness and _ strength. 
They last about 3 to 4 days in production. 

In the case of the tail lamp manufacture 
we have an example of the necessity of anneal- 
ing during fabrication. After the shell is drawn 
two holes must be opened and flanged, one 
parallel to the axis and the other at an angle. 
The first-mentioned hole offers no particular 
problem but one at an angle cannot be made 
without at least a local annealing. This is done 
with a blowpipe which softens about half an 
inch around this area. 

Hub caps now take the largest amount of 
rustless steel in Ford operations. Former hub 
caps, smaller in size and without decoration in 
color, are not so interesting except to note that 
as with the present ones, it was necessary to 
reinforce them with a heavier backing of low 
carbon steel sheet. 

The present operations are blanking from 
strip stock, drawing, trimming, flanging and 
pressing, assembling, spinning of the edges, 
washing and painting. 

In the drawing no lubricant is found neces- 
sary but the blank must be held very snugly 
so as to allow no slip. Actually the gage of 
the metal is materially reduced. The punch 


and die are made of non-shrinking chromium 


Elastic limit 50,000 | 40,000 
Tensile Strength | 75,000 | 80,000 
ffongetion in 4in.| 27% min.\ 50% min. 
Erichsen cup 7.5 77.0 min. 
Rockwell haroiness| 8-75 to B-80\ 8-75 to B-8F 


Result of First Draw on Oval Blank to 
Form Radiator Shell Was a Shallow Pan. 
Fifteen more operations on individual 
machines were required to make the part 
ready for polishing. Center portion cut 
out and formed surplus stock, useful for 
lamp bodies, hub caps and other parts 


steel. Operations at present are all done 
separate machines. In trimming, the punch a: d 
die are made with very little clearance to g 
sharp shearing action, and are also made of t 
above-mentioned steel. 

Material for the stampings described his 
been either 18‘. chromium, nickel or 
straight 18°¢ chromium-iron. Either has p: 
viously been pickled at the mill, given a lig} 
cold rolling pass, and passivated by nitric acid 
dip. It has a clear, silvery gray appearan 
ready for polishing and buffing. 

Such sheets in the polished state should 
withstand several 100-hr. periods in the salt 
spray test without showing rust spots. I do 
not believe that any definite correlation between 
salt spray and actual service can be given with- 
out supposing some particular climatic condi- 
tions of exposure and service. We do, however, 
believe that good resistance to salt spray indi 
cates longer probable life. It has definitely been 
shown that life of plated work in service and 
resistance to salt spray both increase with thick- 
ness of plate. It is therefore logical to believ 
that the enormously thicker layer of non-co1 
roding metal has a very long life indeed. 

Care must be taken to get good surfaces 
and steel of moderately small grain size, so as 
to avoid “orange peel” markings during th 
forming operations. These must be polished 
off — a tedious operation. 

Physical properties which have been found 


satisfactory are as shown in the tabulation at 


the left of the engraving. 
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Two common steels develop approximately the same tensile 


properties in }2-in. rounds when quenched and tempered or 


when quenched in an appropriate hot bath. The latter pro- 


cedure gives slightly lower ductility for equal tensile strength. 


Quenching Steel 


in Hot Baths 


TRANSFORMATION of austenite at constant 
g temperatures below the critical has been 
studied and reported by E. S. Davenport and 
Bain, and J. M. Robertson, among others. 
iy microscopic study, magnetic analysis, and 
dimensional changes these men’s” researches 
iimed to establish transformation phenomena 
inder what might be called ideal conditions. 


lhese conditions demanded specimens with 


ee surfaces as compared to their mass. 

The practical application of the facts devel- 
oped by the above researches has been recog- 
nized. A.V. DeForest, in discussing Davenport 
md Bain’s work, says, “I only hope that the 
tuthors will continue from the brilliant begin- 


ng and tell us something of the physical 
properties, in other words, the practical aspects 
that follow this illumination. The practical 
nan was quenching his wire in molten lead 

the patenting process long before delayed 
transformation was even suspected” (Transac- 
fons, A.LM.E., 1930). Taylor's precise instruc- 
lions for the heat treatment of the newly dis- 
covered high speed steels were to quench them 

a lead bath at 1150) F. and this practice still 
las numerous staunch adherents. Furthermore, 


arly all supervisors have met at least one 


By H. 1. Daasch 
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practical man who believes that best results on 
this or that variety of alloy steel can be secured 
by a correct cooling, rather than a= drastic 
quench and draw back. 

Robertson, in his paper before the British 
Iron & Steel Institute, 1929, says that hot- 
quenching and tempering of a cold-quenched 
stec] may result in similar ultimate constitution 
in the two cases, but different crystallographic 
structures will be produced, accompanied by 
different properties. Davenport and Bain prom- 
ised a study on “the fundamental difference 
between steels transformed at elevated temper- 
atures and steels transformed to martensite and 
subsequently tempered or drawn back to com 
parable physical properties.’ This statement 
implies that equal physical propertics may be 
secured by the two methods. 

hotaro Honda has reported to the 
in 1928 the results of certain physical tests on 
a eutectoid steel quenched in hot baths. He 
found that equal tensile strengths might be pro- 
duced by the tempering of a= cold-quenched 
specimen or by hot-quenching. However, the 
temperatures of tempering and of hot-quench 


ing were different. 


Studies by Germans 


Scientists in Germany have studied the phe- 
nomenon as it relates to the normal transfor- 


mation of austenite to pearlite, and an account 
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Tensile Strength, Lb. per 59./n. 


Tensile Strength, Lb. per 5g. In. 


tt Left Is a Comparison (on Basis of Equal Tensile Strength) of 0.505 x 
2-In. Test Bars of S.A.E. 1045, Oil Quenched and Drawn Vs. Quenched in 


Hot Bath. 


ft right are similar data for nickel-chromium steel S.A... 3130 


of their findings, interpreted by metallographi- 
cal theory, is given by Dr. Diergarten in Mera. 
ProGress last March. Isolated experiments along 
the same lines with high carbon steel wire were 
reported by Dartrey Lewis and Hamilton Fer- 


guson in April and September issues, respec- 


tively. Dr. Diergarten’s own experiments show 
that) nickel-chromium steel (approximately 


S.A.E. 3360 with 1°) tungsten) will give the same 
hardness when quenched in various mediums 
at 650° F. to 300 


sequent drawing. 


F.. and is unaffected by sub- 

Straight carbon tool steel 
disks, on the other hand, gave him satisfactory 
hardness and fine fractures only when quenched 


in cold water. 
Experimental Conditions 
This paper is concerned with physical tests 


(a) 


the orthodox methods of quenching, followed 


on three common steels heat treated by 


by tempering or drawing, and (>) by what may 
be called for lack of better terminology “hot- 
The 
clude a plain carbon steel S.A.F. 1015, a nickel- 


quenching” methods. stecls studied in- 


chromium steel S.ALE. 3130. and a carbon tool 


steel of eutectoid composition. Test specimens 
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(0.005x2 in.) were prepared before heat treat 
ment. Heating periods of 15 min. above th: 
critical temperature were adopted. Drawing 
or tempering periods and soaking times at con 
stant hot-bath temperatures were uniformly 15 
min. All samples were air cooled from tem 
Data on 
tensile 
The 
work was done with the help of P. Berg, J. 
Mitchell, and C, Wetzel, students in the Mechan 


ical Engineering Department of lowa State Co! 


pering or hot-quenching temperatures. 


physical properties were secured by 


tests and Brinell hardness determinations. 


lege, Ames, Lowa. 


list the numerical data in a 


table or plot the figures on conventional dia 


Rather than 


grams for physical properties, the curve sheets 
at the top of the page have been drawn to show 
the various physical properties (and tempera 
ture of draw or quench) plotted against tens! 
strength. These graphs show that for equa! 
tensile strengths, the hardness and ductility ‘ 
ues are slightly lower for hot-quenched spe: 
mens than for oil-quenched and drawn spe 
mens. For equi-tensile strength, the hot-quen 
temperature is from 100 to 300° F. lower th: 
the drawing temperature after an oil quench 


Data for high carbon steel are shown in | 
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ves at the right. Test values are slightly 
itic (especially the figures for elongation) 
only tensile strengths for various quench- 


media have been plotted. 


Results on 16-In. Bars 


rhe following conclusions may be made for 
in. specimens tested. No information is avail- 
le for other thicknesses of section. 

1. Tensile properties secured by temper- 
: or drawing of a quenched steel may be ap- 
oximated by hot-quenching. 

2. On the basis of equal tensile strengths, 
ot-quenched steels were generally slightly 
lower in elongation and reduction of area (al- 
though litthe different in hardness) the 
same steels treated by regular quenching and 
empering. 

5. For the duplication of tensile strength 
with the steels studied, temperatures of the hot- 
quenching bath are several hundred degrees 
lower than the tempering temperatures. 

l. Since the maintenance and control of 
hot-quenching baths should be no more diflicult 
than in the similar operation of tempering baths, 
the process of quenching into hot liquids might 
have certain practical applications. Hot-quench- 


ing should prove more economical than the 


Tensile Strength, lb. per In. 


Wester 


end Drew 


a) 
UA 
O 
° 
Aor 
ave ~ 
50,000 
4U( 


Drew or Quench lempersture , OF. 
Comparative Tensile Strength of Carbon Tool 
Steel Quenched in Different Media, Cold and Hot 


double treatment of quenching and reheating, 
from the viewpoint of reduced handling costs, 
lower heat demand, lesser spoilage due to 
quenching strains, and deeper hardening. 

» Only individual cases have been studied. 
Logically, it would seem that a more complete 
investigation on other standardized steels would 
result in physical property charts such as have 
been developed for orthodox quenching and re- 


heating. 
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Courtesy Republic Ste 


IMPORTANT uses 0! 
Domestic Uses stainless sheet and strip 

publicity have lately 
: shrunk to less conspicuous importance pal 
ticularly the use as trim on skyscrapers and 
automobiles. The first mentioned is stopped 


cept for modernization of store fronts; the si 


zi ond has encountered serious competition fro 
better chromium plate, and restriction by sty! 

ej Fortunately, some new applications of | 


spectacular nature have arisen to fill the g: 
One or two are especially worthy of comm« 
since they apply to home equipment (and the: 
fore have a very large potential market) a! 


have either been adopted because of lower ov: 


30 METAL PROGRE 


| 
i 
4 
3 
4 


— 


Stee 


cost or because the appliance would not oper- 
without corrosion resistant steels. 

One of these is the cooling unit for domestic 

rigerators. Essentially these consist of a pair 
© small receivers into the bottom of which is 
welded a series of tubes, bent into U shape, for 
circulation of the cooling medium. The entire 
unit has to be absolutely tight against leakage 
of penetrating refrigerants, and on the outside 
must be made stain proof and easy to clean - 
either by selection of proper material, by metal 
coating, or by enameling. 

An interesting alternative (already adopted 
as standard by one of the principal makers) is 
made of a pair of 18-8 sheets pressed out so that 
when laid one against the other the necessary 
receivers and circulating channels are formed. 
Seam welds are then run between the channels 
and around the folded-over edges and the cool- 
ing unit is complete. The metal resists inside 
corrosion, and its mill-polished surface needs no 
further preparation outside. Shop costs are so 
much lower that the saving more than counter- 
balances the higher cost of the expensive alloy 
steel sheet used as raw material. 

The other modest application, which aggre- 
gates a very important tonnage, is of high chro- 
mium-iron sheet for range-oil burners. Although 
they were invented 35 years ago, their use was 
restricted because the enameled iron burners 
would warp or scale after two or three months’ 
intermittent service. When heat resistant chro- 
imium steel sheet was utilized they attained in- 
stant success. Sales amounted to only a few 
thousand in 1928. By 1930 it ran up to 100,000 
and no less than 285,000 installations were made 
last fall. 

A representative design has two annular 
troughs for the fuel oil, about 6 in. diameter. 
[his supports a nest of four concentric cylinders, 
) in. high and spaced about ,°, in. clear, one in- 
side the other. Each cylinder is of chromium- 
iron sheet (about 22 g., with scarfed spot-welded 
joint) riddled with ,',; in. holes. 

The outer two cylinders form a chimney 
above the outer trough containing fuel oil, and 
the inner two cylinders form a corresponding 
chimney for the inner trough. Air is aspirated 
Up between, through holes in the bottom casting. 
\n asbestos ring is placed in each groove for 


cosy lighting. In operation, innumerable jets of 


NOVEMBER, 1933 


air are surrounded by an atmosphere of vapor- 
ized oil, and the chromium-iron sheets reach a 
temperature of 1750° F., where radiation from 
the steel replaces radiation from a carbonaceous, 
smoky flame. 

New England is a logical place to sell such 
equipment, for coal is dear, wood is dearer, and 
natural gas non-existent. However, “range oil” 
(the modern counterpart of kerosene) can be 
produced at byproduct prices which will com- 
pare favorably in cost with other fuels anywhere 
on a B.t.u. basis. Hence the market is by no 
means restricted, either to New England or to 
cooking ranges. Built-in water heaters, “base 
burners” of attractive design, and even house 
heating furnaces using range oil are making 
their appearance. 

Here is an expanding market where special 


alloys need fear no competition. 
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IT IS an agile man who can 
Expensive buy his required heat to best 
Electricity advantage these davs. Many 
are finding that the economics 
of spasmodic production are entirely different 
from those of continuous operation at a sizable 
percentage of capacity. Another complication 
is due to the recent entrance of natural gas into 
many industrial regions, or the shipment of 
cheap butane in tank car lots. Developments of 
new refractories, insulation, gas atmospheres, 
and special furnaces have all had a hand in dis- 
locating the balance which existed only a year 
or two ago, 

Plants operating electric melting furnaces 
are meeting this situation in its most muddled 
form. Owing principally to stand-by or demand 
charges and penalties for lagging power factor, 
such operators find themselves paving exhor- 
bitant rates for very litthe current. For in- 
stance, one large foundry melting cupola iron 
found that three heats in its 3-ton electric fur- 
nace would have cost $1200. 

While this is an unusual instance of the 
effect of short overloads on a bill for electric 
power, jobbing steel foundries reported to the 
last meeting of the American Foundrymen’s 
Association costs for electricity ranging from 20 


to 30°. of the selling price of the castings. In all 
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these cases more than half the bill represented 
a demand charge. Power companies justify this 
by saving that they must collect for overhead on 
plants and distributing lines built to be “ready 
to serve,” but this finds litthe response from a 
manufacturer who views his own idle capacity, 
also built in readiness to serve, for which he can 
charge his customers nothing. 

Before this unequitable situation can be 
corrected, it is likely that many foundrymen 
will rediscover the fact that excellent steel can 
be made in a converter, and let someone else 
take the business that just must be melted in an 


are furnace. 
use metal « use metal » use metal 


Wk, in the National Of- 
Send in Your lice, are proud of the job 


Old Handbook done bys the Society's 


Recommended Practice 
Committee, J. Donnellan, Secretary of the 
Committee, and the Data Sheet Committee of 
the Institute of Metals Division, A.IL.M-.E.. in pro- 
ducing the 1983) Edition of National Metals 
Handbook. All the more are we surprised that 
the members of the Society are so slow in trad- 
ing in their old, obsolete handbooks for the 
brand new edition, 

All it costs is the postage on your old 
handbook. What vou get is a new volume, half 
again as large as the 1930 edition, thoroughly 
revised and right up to date. Worth S10 of any- 
ene’s money! Bul, vou must send in your old 


book to get the new one. So why delay? 
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THIS booby has 
"Ware the Old been laid so often for 


“Sample” Game the unwary that every- 
one ought to know about 
itand be wary, but some smooth foreign gentle- 
men have reappeared on the scene with the old, 
old trick. Evidently they think there is a chance 
for a killing, and their judgment should be re- 
spected. So this is what to avoid: 

Avoid listening to a stranger with a story 
about a wonderful new steel or alloy which will 
do about everything vou could wish for, and 


certainly will correct the one particular difi- 
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culty which is troubling vou at the mom, 
(No one knows how this plausible stranger fin. \s 
out your latest trouble, but he generally guess -s 
it aright.) He may have a foreign accent a) 
represent an importer or a foreign that 
not strictly necessary for his game, but his fi 
will always have an unfamiliar name or pref: 
ably one cleverly approximating that of ar: 
utable manufacturer. 

Avoid signing an order for a sample of [| 
material, unless the dimensions of the samy 
are indelibly written on the requisition! For ji 
vou do, the “sample” when it arrives will be a 
long bar or big billet costing you quite a bit of 
money at the faney price per pound, and prov 
to be nothing more than the commonest grad: 
to be got at any warehouse at a fraction of th 


amount. 
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SOMETIMES a purchase: 
Unscrambling may raise a question 
— “How do I know whethe: 

these parts are really of 
stainless steel?” or a producer may suspect 
that a few pieces of carbon steel have been 
mixed with stainless. How can a quick sepa 
ration be made without damaging the expensiv: 
metal? 

A simple method is used by Lamson & Ses 
sions Co., as described by Mr. Peterka in his 
article in October (page 35). It was originally 
devised to test the adequacy of final cleaning 
and passivating of stainless screws, rivets, and 
bolts. In turn it dates back to the idea that 
genuine “stainless” cutlery steel will not deposi! 
copper from a sulphate solution. 

It is a modification of the well-known 
Preece test for galvanized sheet. The regula 
tion solution (36 parts of copper sulphate crys 
tals to 100 parts of water) does not need to 
be neutralized with cupric oxide — for the acid 
itv does not harm high chromium alloys and 
the black oxide which would settle on the s 
face would have to be scrubbed off before 
copper can be seen, 

If suspected parts are dumped in sucl 4 
solution for a couple of minutes, common s 
comes out looking like red copper, wher °s 


stainless retains its original silvery sheen. 
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Bakelite is an ideal mounting material for specimens which are unaffected 
by pressure or heat up to 355° F., but the curing press has heretofore been 
too expensive for many laboratories. Here is a home-made device which 


works, and (aside from labor and an automobile jack) costs little or nothing. 


Press and Technique tor 


Mounting Small Specimens 


Preparation of the polished surfaces of 
small specimens, metallic or non-metallic, 


for microscopic examination is impossible with- 
out the aid of a supporting medium. The object 
of this paper is to show how simply and well 
bakelite fulfills the requirements, and also how 
cheaply the required press may be constructed. 
the application here described applies only to 
pieces too small to be held by the hand; for 
extremely fine particles, about forty mesh or 
liner, a modified technique from that to be de- 
scribed must be used. 

Use of bakelite for the purpose is not new. 
Some well-equipped laboratories have hydraulic 
presses and a complete set of auxiliary equip- 
ment for mounting specimens of wire and wire 
products, sheet metal stampings, shot, and other 
small or fragile materials. Such a special press, 
however, is relatively costly, and the particular 
reason for granting space to a paper such as 
this is the interest recently shown in our quite 
inexpensive press during the summer school for 
teachers in mining and metallurgy held at the 
University of Wisconsin. The only purchased 
part was the hydraulic jack, and this is of the 
‘ype commonly furnished in an automobile re- 
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pair kit, and hence can be picked up new or 
second-hand for a few dollars. 

The grade of bakelite used is known as 
“Black Bakelite AM-261." It has the property 
of adhering tenaciously even to smooth speci- 
mens, not permitting them to be broken loose 
from the mount when polishing and = conse- 
quently giving good margins between specimen 
and bakelite. Good margins eliminate crevices 
which retain abrasive particles. 

The only undesirable features of the method 
to be described (and these are of no moment 
except when mounting some hardened, not tem- 
pered, steels and the low melting point alloys) 
are the necessity of heating the specimen to 
and exerting a pressure of approxi- 
mately 2000 Ib. per sq.in. on the mount. If the 
specimen is not affected by these conditions, 
bakelite is the most satisfactory mounting mate- 
rial to be had. 

It is resistant to all common reagents and 
to alcohol, is quite hard and does not give much 
trouble because of relief polishing. It can be 
marked easily and thus small specimens which 
cannot be marked, may casily be tagged for 
future reference when mounted in it. It has 
considerable strength. It grinds and polishes 
to asmooth surface. It is relatively inexpensive, 
since it is light and the quantity used in mount- 
ing a single specimen is small. 

The complete apparatus set up for opera- 


tion is shown on the next page. The press con- 
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sists of the hydraulic jack //.J. fastened to an 
iron base plate. This base is equipped with 
feet and screwed down to a wooden base or 
table top for greater stability. Two round iron 
rods are screwed or welded into the base and 
set far enough apart to straddle the platform 
on the jack, which is notched so that the vertical 
rods act as guides. The top ends are fitted with 
two nuts to hold the fixed plate of the press in 
position. Transite board, about 6 in. square, 
is used as heat insulation above the jack and 
below the upper fixed plate. The latter are 
drilled to pass an ordinary mercury thermome- 
ter 7, reading to 500° EF, 

The handle of the pump is hooked at its 
end, to which weights are hung. Two weights 
are used, W-/, which gives a pressure of about 
10 Ib. on the mold, and W-2, which gives a 
pressure of about 1650 Ib. on the mold. The 
use of the two weights will be explained later. 

In deseribing the heater, J... no dimen- 
sions will be given, as they can be varied to 
suit individual requirements. It is merely a 
thick-walled aluminum casting; it contains a 
coil of 22-8. nichrome wire for a heating ele- 
ment. Enough of this wire to give a resistance 
of 10 ohms was closely wound on a !x-in. rod 
and then pulled out to break contact between 
turns. This “spring” was then wound in a helix 
around paper-wrapped graphite cylinder 
about *; in. larger in diameter than the required 
cavity in the heater, 

A thin paste of alundum cement was then 
forced into the coil of nichrome and the outside 
completely plastered. The entire assembly was 
then dried and fired to 18007 F. to harden the 
cement. The heating element was then removed 
from the graphite core and the inside of the 
heating element was given a_ thin’ plastered 
coat of alundum cement. Insulators were also 
cemented on, through which the leads from the 
coil are to be brought out of the aluminum 
block, The coil was then dried and fired a 
second time. 

As before mentioned, the heater is merely 
a thick-walled aluminum cup. Its inner diame- 
ter and depth are chosen to accommodate the 
steel molds to be used. Its walls are about an 
inch thick enough to embed the above de- 
scribed heating element in the center. 

A pattern for the aluminum casting was 


then rammed up, and the heating element was 
set in the mold and held in position by alumi 
num wires. The cold casting was machined. 
and equipped with a segment of transite for a 
binding-post strip, and terminals placed for th: 
electric cord. A convenient handle was also 
attached, which has the additional function of 
anchoring the lead-in wires. 

This heating element consumes about 240 
watts and is entirely adequate for the purpose 
intended. The time necessary to mount a speci- 
men could be cut in half by embedding two 
heating elements in the aluminum casting, one 
as described above and another in the base, 
coiled in a spiral like the heating element of an 
ordinary hot plate. 

The mold in use at the University of Wiscon 
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was machined from 2-in. steel shafting. 
M-2 is the 


‘tom; it has a shoulder around its edge to 


rts are illustrated at the right. 


snugly about the mating part at the lower 
d of M-3. M-1 is a small disk which fits into 
open bottom of M-3; it may be drilled with 
illow holes to keep specimens such as steel 
tt from rolling about. M-3 is drilled end to 
d to pass the plunger end of M-4 (shown 
If too 


uch clearance is allowed the bakelite will 


standing on its head) in a sliding fit. 


squirt back. A 44-in. hole was drilled from the 
top of M-4 down its axis about 80° of its length 


» accommodate the thermometer. The entire 


mold assembly fits into the aluminum heater. 

Bakelite shrinks to about 40°. of its origi- 
nal volume at a temperature of 140 to 175° F. 
During the shrinking period, when it becomes 
plastic, a low pressure is applied. As soon as 
the flowing or shrinking has ceased, the pres- 
sure should be increased rapidly to the maxi- 
mum. The operation therefore consists of two 
periods, plastic flow and curing. 

The bottom of the mold M-2 is set on a 
table and plate M-7 placed in the center. The 
specimen or specimens to be mounted are placed 
on the latter, and evlinder M-3 put in place. 
Fifteen grams of the bakelite is placed in the 
mold and the plunger M-4 pushed in place and 
squeezed down by hand. The entire mold as- 
sembly is then placed in the heating unit by 
up-ending it and pushing it up into the inverted 
heating unit HLE, 

This heater has previously been plugged in 
and brought up to temperature, which takes 
about 10 to 15 min. (If not connected before- 
hand, it just means that a longer time will be 
required to mount the first specimen.) 

Heating unit and mold are then placed up- 
right on the very center of the movable plate, 
the press closed, and the thermometer placed. 
lhe small weight is hung on the end of the pump 
handle. During the first or shrinkage period 
the apparatus must be watched; the external 
indications are a continuous dropping of the 
pump handle. If this should fall to the bottom 
' a stroke, it must be immediately raised to the 
lop position and weight replaced. 

When shrinkage has ceased, the small 
Wight is removed and the heavy weight put 


its place. It is important that this be done 
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promptly perhaps just as the handle is ceas- 
ing its downward motion. No further attention 
need be given to the apparatus until the tem- 
perature is indicated as 355° F., whereupon the 
molding operation is complete. 

Heating unit and mold are then removed 


from the press and the mold dumped in a pail 


It will be found quite easy to 


of cold water. 


Unit Parts of Mold and Heater. S, shows the back of a 
bakelite mount, smooth and easy to clean, 5S, to S. are 
clock gear, brass bolt, chalcopyrite, and steel shot respee- 
tively, mounted and polished. Excellent adherence is evi- 
dent; lack of margins or relief polish is characteristic 


separate the mold; the bakelite mount will be 
shrunk on the bottom of the plunger but can be 
readily twisted off. The mold is then wiped 
dry and the evele is repeated. If a number of 
mounts are to be made, the electricity can re- 
main connected. 

Troubles: If the mount looks rough, too 
much pressure was applied during the stage of 
plastic flow and shrinkage. If the mount seems 
to be attacked by alcohol, the bakelite was cured 
too short a time or at too low a temperature. 
If the bakelite sticks to the mold and leaves a 
rough surface, the pressure was too high at the 


beginning of the molding operation. 
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Platinum has given way to tungsten and molybdenum 
(and some copper) adequately degassed by long heating in 
hydrogen so no gases will be evolved during operation to 
impair the vacuum and hence the functioning of the tube. 


Gas-Free Metals 


Used In X-Ray Tubes 


RONTGEN discovered the X-rays 1805 
@ from a funnel-shaped Crookes tube which 
had an anode flush with the side wall and a flat 
cathode at the small end. The cathode rays im- 
pinged on the broad end of the glass tube, and 
there set up the unknown rays. This simple 
device was greatly improved by Campbell- 
Swinton, who introduced a platinum target, and 
by Jackson, who put in a concave aluminum 
cathode for focusing the rays. A later step of 
great importance was the addition of a device 
for regulating the vacuum of the tube. 
The thin metal target was soon replaced by 
a heavy mass of metal consisting essentially of 
two parts, a refractory metal face to take the 
cathode-ray impact and a heavy backplate of 
some good heat conducting metal. Platinum 
and copper came into general use for these pur- 
poses. The platinum facing was made very thin, 
about 0.001 in. thick, and was attached to a disk 
of nickel which, in turn, was soldered to a large 
mass of copper. The tube had a very definite 
energy limitation; and if this were exceeded, 
even for an instant, the thin facing of platinum 


was ruined at the focal spot. This was the gen- 


Ry ). (Coolidge and (Charlton 
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eral situation as it existed about 25 years ago 

In a paper given by the present authors bx 

fore the International Electrical Congress in 
aris, from which this account is extracted, de 
velopmental work on incandescent lamps was 
described which started in 1905 in our labora 
tory. This led us later into the field of X-ray 
tubes. It began with an investigation of meta! 
lic tungsten, and resulted first in its production 
in a ductile form, and finally in its application 
for various purposes, among others, its use fo 
both electrodes of the X-ray tube. 

Up to this time, tungsten had always been 
a brittle metal as brittle as glass and nol 
workable. As a result of laboratory efforts ex 
tending over several years and involving many 
men, it became possible to produce metallic 
tungsten in a ductile form. At the risk of rv 
peating something that is well known to a few 
metallurgists, it may be said that the process ts 
unique in this respect, among others, that it does 
not melt the metal. This has never been feasib| 
for the reason that there is no suitable materia! 
from which the crucible can be made; firecla) 
would vaporize far below the melting tempers 
ture of tungsten (about 6150° F.). 

The process starts with wolframite (an o! 
consisting of iron, manganese, tungsten, and 
oxygen) from which the yellow oxide of tun; 
sten is extracted and then highly purified. Th 
vellow oxide is next reduced to metal powd: 
by heating it electrically in a porcelain tu) 
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rough which a stream of 
-drogen gas is passing. 
very careful and exact 
ntrol is necessary, so 
at the resulting tungsten 
irticles shall have the 
oper size. 

The dry tungsten pow- 
er is next formed under 
eavy pressure into rods and these are then 
cated electrically almost to the melting point 
| hydrogen. The resulting ingots are brittle 
when cold, but with care can be mechanically 
-orked when hot. As the working proceeds the 
dividual crystals are elongated into “fibers”. 
With sufficient working, the resulting material 
becomes ductile and very strong when cold. 

After the ductile tungsten process had been 
developed sufficiently for the needs of incandes- 
ent lamp manufacture, the next application 
found for it was as the target of the gas-filled 
\-ray tube, in place of the platinum which had 
previously been used. For this application, 
sheet tungsten was required, and it was found 
that this could be produced by hot rolling the 
hammered rods. Small disks required were 
punched from hot. strips. 

The next problem and it caused a delay 


of many months —— was to find a method for at- 


toching a disk of tungsten to the block of copper 


forming the remainder of the target. It finally 


Anode end 
Anticathode 


Sketch of Jackson's First X-Ray 
Tube. Electrons from concave 
cathode are focused on platinum 
target, which they penetrate slight- 
ly, giving up their energy as heat, 


Cathode 
one or two thousandths of which 


reappears in the form of \-ravs 


was done in the following manner: The surface 
of the tungsten is first carefully freed from ox 
ide. Copper which has been freed of its oxide 
by treatment with boron is then cast in a vacu 
um onto the tungsten. The copper then wets 
the surface of the tungsten, and the result is a 
union of very high thermal conductivity. 

The practical means employed for carrying 
out the vacuum-casting operation are shown in 
the sketch on page 38. A cylindrical graphite 
crucible is made having a removable graphite 
piece in the bottom to serve as a temporary sup 
port, at the desired angle, for the tungsten disk 
The latter is kept in place by three litthe molyb- 
denum pins. A block of boron-treated copper 
is then placed in the crucible, and the crucible 
and its contents placed, together with others, in 
a vacuum furnace. The temperature is raised 
slightly above the melting point of the copper: 
if too high, the tungsten will lose its strength 
acquired by mechanical working and the target 


will crack badly in use. 


tA 
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Micros of Coarse Crystalline and Fragile Tungsten Before Swaging. and “Fibrous” 
Structure Afterward When It Has Been Strengthened and Toughened by Cold W ork; 
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Graphite Crucible and Support 
for Casting a De-oxidized Cop- 
per Block on a Tungsten Wafer 


For the best anodes 
the target of tungsten 
must not be too thin, for 
otherwise the copper will 
melt back of the focal spot 
when it is bombarded with 
electrons, and will, by its 
expansion, bulge out the 
tungsten this point, 
leaving a vacuous space 
under the tungsten and 
spoiling the good heat con- 
ductivity between the two. 
As copper conducts heat 
better than tungsten, it is, 


on the other hand, better 


to have the tungsten disk no thicker than is neces- 


sary to avoid the melting of the copper under the 


focal spot. 


The advantages of ductile tungsten over plati- 
num for the target face are its higher melting point, 
lower vapor pressure, and greater heat conductivity. 
Its use made possible the production of much higher 
X-ray intensities from a given size of focal spot. 
Trial targets consisting entirely of tungsten were also 
made for the gas tube, and, in competition with those 
of solid platinum, they were capable of radiating 


much greater amounts of energy from a given sur- 


face area. 


Before the advent of the hot-cathode tubes, the 
tungsten target had replaced platinum in the high 


power radiographic tubes. 


Development work on the copper-backed tung- 
sten target brought with it interesting experiments 


with gas-filled X-ray tubes. 


were passed through these tubes to show 
which kind of target best 
abuse. Upon overloading the focal spot, 
the tungsten vaporized and this brought 


about very rapid changes 
in gas pressure. 

Dr. Langmuir found 
that tungsten vapor unites 
quantitatively with nitro- 
gen; hence any nitrogen 


gas was removed as such 
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Graphite 
Cre JCIb/e 


Deoxidized 
Copper 


Large amounts of energy 


withstood 


Principal Features of Present-Day 
“Universal” Type of Hot-Cathode 
Tube, Using Gas-Free Tungsten and 
Molybdenum Targets, Supports and 
Conductors, and Focusing Sleeves 


and deposited as solid nitride on the wa. is 
of the tube. Oxygen reacted with hot tu 
sten to form a solid oxide of tungsten wh 
was also deposited on the bulb. Hydrog, 
argon, and helium also disappeared 
time; while they do not react with hot tu 
sten or with tungsten vapor they are pri 
ably trapped under the tungsten depositing 
inside the bulb when the tube is overloaded 
Another trouble then made its appea 
ance. The aluminum cathodes melted. ‘to 
obviate this, a tungsten cathode was tried 


This made the tube exceedingly “cranky, 
One would no sooner get it started than it 
would refuse to carry current until mor 
gas had been introduced. 

The extreme instability attendant upon 
the use of cold tungsten cathode (in what 
was otherwise standard X-ray tube) 
called attention forcibly to the part played 
by the gas contained or absorbed in th: 
ordinary aluminum cathode. (The tung- 


sten cathodes were relatively gas-free.) 
Metal for Hot Cathode 


It is impossible here to review all thy 
work which led to the solution of this prob 
lem of electron emission from hot tungsten 
filaments. Some experimenters believed 
that no current would flow from a_ hot 
cathode which had been completely freed 
from gas, but Langmuir found that the elec 
tron emission not only persisted in high 
vacua, but was favored by getting rid of th: 
last traces of gas in the metal filament 

The same method was tried with th: 
\-ray tube, and it was found that here also. 


Target 


kavetors 


and Shield 


/ \ 


Shield 


View of Spire! Catho 
end front End of Target 
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ven with the much higher voltages and the 
much larger masses of metal, it was possible to 
set and to maintain vacua in which the phenom- 
ena were stable and reproducible. 

The idea of using a hot cathode in an X-ray 
tube was not new, but the principle had never 
been successfully applied in such a good vacu- 
um that positive ions did not play either an es- 
sential or a harmful role. 

In the first “Coolidge” tube the cathode 


consisted of a spiral filament mounted behind a 


Of all the matters which together are re 
sponsible for the present excellence of -ray 
tubes, the only one of more than passing inter- 
est to metallurgists is the metal inside it. A 
solid tungsten target is preferable to a com- 
posite one for high power tubes. This gets rid 
of its heat by radiation. In order to prevent too 
much heat from flowing back into the anode 
end of the tube and affecting the seal and lead- 
in wires, the target should be merely wired to 


its support. The latter is a molybdenum strip 


wee 


perforated focusing disk, both of tungsten and 
set in the cathode side-arm. The anode con- 
sisted of a circular tungsten disk attached to the 
end of a tungsten support-rod. From the earli- 
est form, the design changed to that of the figure 
at the bottom of page 38, which is essentially the 
present “universal” tube. 

Experience has shown that the hot-cathode 
tube has many advantages over the gas tube, and 
tubes of this type have now been developed to 
cover a wide range of usefulness. They vary in 
size from the oil-immersed dental tube, which 
has a bulb diameter of 1.5 in. up to a 900,000- 
volt tube having bulbs of a diameter of 20 in. A 
photograph of a recent design with an external 
finned radiator is reproduced above, by courtesy 
of the General Electric X-Ray Corporation. 
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riveted to some split rings of molybdenum fit- 
ting snugly into the glass. As the current is 
increased, a tube with a hollow water-cooled 
anode generally is to be preferred. 

When a tube is operated on interrupted cur- 
rent, as from the induction coil or transformer, 
there is a very pronounced tearing of metal at 
and close to the focal spot. This is because of 
alternating expansion and contraction, due to 
the heating effect of the electron bombardment 
and the subsequent cooling as the heat flows to 
the adjacent metal. Even on a water-cooled 
anode that never gets hotter than 700) C.. the tar- 
get will tear to a depth of 1, in. in perhaps 100 
hr. This may be prevented by avoiding too steep 
a temperature gradient in more massive targets 


and larger focal spots until the forces of expan 
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sion and contraction do not exceed the elastic 
limit. Two other methods are available. One 
is to use direct current at constant potential, 
rather than interrupted current, but this’ in- 
volves a very considerable increase in cost. The 
second is to rotate the target so the cathode rays 
strike different places, whereupon the energy 
input can be increased several fold. 

When the focal spot is at the melting point, 
the direct radiation amounts to only 1‘. of the 
total energy input. The large bulk of the energy 
must, then, be conducted away from the focal 
area through the adjacent metal. This accounts 
for the superiority of a copper-backed target. In 
tubes having solid tungsten targets, the major 
portion of the heat is removed by radiation from 
the body and stem of the target. 

As the current is increased, the tube with 
a hollow anode, in general, behaves better than 
the one with the solid anode. In case the focal 
spot is overloaded, the metal vapor produced 
does not get to the glass envelope, nor do the 
ions resulting from this metal vapor cause a run- 
away effect. 

As the efliciency of X-ray) production in- 
creases With the atomic number of the target 
metal, it seemed worth while to try targets of 
metallic uranium and thorium. The gain proved 
to be very slight, however, and more than offset 
by the relatively low melting points of these 
metals and by the fact that traces of their vapors 
condensing on the hot cathode increase its elec- 
tron emission enormously and so tend to pro- 


mote instability. 
Degassing the Metal 


In the use of suitable electrode materials 
and thorough preliminary degassing, our work 
has been greatly assisted by that of Dr. A. L. 
Marshall who has heated samples of various 
metals ina very high vacuum, and collected and 
analyzed the gas given off at different tempera- 
lures up to T8000 

In the case of molybdenum, for example, 
Dr. Marshall finds that each time, as the tem- 
perature is raised, there is at first a rapid evolu- 
tion of gas, followed later by a marked slowing 
down in the process. There would be, in gen- 
eral, no complete degassing at the lower tem- 


peratures, no matter how long the time. At 
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about 1800° C., Dr. Marshall gets complete de 
gassing of molybdenum, or at least as complet: 
degassing as can be attained by thermal treat 
ment. The composition of the gas given off at 
Details 


may be found in Transactions, A.A.M.E., 1932 


different temperatures varies greatly. 


He finds that the time required for complet: 
degassing of a molybdenum sample is, within 
the experimental error, a linear function of the 
thickness, showing that the process is not con- 
fined to the surface but extends throughout the 
specimen. The gas content of a metal is largely 
dependent on the metallurgical processes which 
have been used in its production. That such 
preliminary heat treatment in high vacuum is of 
great practical importance is indicated by an 
experiment in which Dr. Marshall takes a sam 
ple of molybdenum which has first been com 
pletely degassed and then brought out into the 
air and handled. 
to 16000 C, 


which it has acquired, immediately. Gases ab 


Upon heating this specimen 


in a vacuum, it gives up the gas, 


sorbed during exposure to air are therefore con 
fined entirely to the surface. 

Tubes having solid tungsten anodes show, 
in general, a slight improvement in vacuum dur 
ing the first few minutes of operation after they 
are sealed off from the pump. During subse 
quent normal operation there is, as a rule, noth 
ing in their behavior throughout their life to 
suggest either improvement or impairment of 
vacuum, 

If, however, such a tube is badly overloaded, 
even for a small fraction of a second, the vacu 
um may be so seriously impaired that the tube 
is no longer useful. It seems probable that when 
the tubes having solid tungsten anodes carry 
continuously more than a certain load, the inner 
surface of the bulb becomes so hot that there ts 
some electrolysis of the glass, with consequent 
increase in gas pressure. 

With tubes in which the target consists ot 
a tungsten button set in copper. marked changes 
in vacuum may occur with use. If the target as 
a whole is allowed to get red hot, so much gas 
may be liberated from it that the vacuum be 
comes too poor for the continued safe operation 
of the tube. If the target is then cooled, it will 
in general, be found that the gas is quickly taken 
up by the copper and that the tube operates as 


it did in the first place. 
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mans exhibited at A Century of Progress Exposition. Weight 
96,980 Ibs., including air-conditioning equipment. With or- 
dinary materials it would weigh 180,000 Ibs. Due to its light 
weight, it needs only 4-wheel trucks. (These are fabricated of 
Aluminum.) Yet it surpasses A. R. A. standards for strength 
and safety. Smart, modern decorative scheme in aluminum. 


Even the insulation is crumpled aluminum foil. 
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All industry finds the going easier with Alcoa Aluminum 


MODERN VENTRATION Bringing efficiency and economy to indus 
USES THE MODERN METAL 


Alcoa Aluminum makes this aur-filter 


try, saleability to industry's products, Ak 


whte to nstall his met esists 

ur, absorbs sound from vibration, not to : 

mention its ve br appearance and progre SSiVe plants. Light in weight, 

long life. strong as structural steel, non-contami! 


ing, non-magnetic, a good conductor of heat 
and electricity, this is the ideal metal t 
production equipment. To the finis! 
product, Alcoa Aluminum brings ea 


handling, durability, attractiveness. |: 


SOMETHING NEW IN “ ,) ~ FOR EYE- plant itself Alcoa Albron as a paint pig! 
LIGHTING FIXTURES ¥ HAZARDOUS JOBS protects against rust, weathering, s! 
Here Alcoa Aluminun helps These govvles frames made 

with its light weight, its of Alcca Aluminum, are and acid fumes——makes brighter working 
liwht-retlecting surtace. A ‘ light in weight, easy to wear ’ ; 

color-tilter gives this fixture | through the day's work conditions. 

the appearance of expensive i yet strong. Alumuilite finish 

translucent glass but the nves them attractiveness, . . 

life and Lhere’s a place in your plant and your 


rect Made of leep 

etched aluminum, a 
it is equally attrac- 
tive day and night 


uct for Alcoa Aluminum. Let us show 
tantdetalinmany how to use, form and handle this 
- Please address: ALUMINUM COMPA’ 
AMERICA: 1801 Gulf Building, PITTS 
PENNSYLVANIA 
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The “George M. Pullman” —one of two all-aluminum Pull- 
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is New Pullman “Travels Light’’ and Safely 


Builders of riding comfort and safety for 
three-quarters of a century, Pullman takes 
nother step forward with the new “George 
M. Pullman” 


strong alloys of Alcoa Aluminum. 


made almost entirely of the 


Cutting 50% from the weight of the 
ird Pullman, Alcoa Aluminum makes 
wifter, smoother riding with even 


seater safety, greater durability of struc- 


tural parts. Alcoa Aluminum comes in 
every form needed for car construction 

extruded shapes and sections, rolled plates, 
structural shapes in any desired length up 
to go feet. For these reasons, too, all trans- 
portation units buses, trucks, tank cars, 
mine cars, elevators every form of mass 
in motion is rapidly being redesigned from 


the wheels up in Alcoa Aluminum. 
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Letters 


Krom 


Abroad 


Definition of Alloy Steels 
GERMANY Classification 
and standardization of plain and alloy steels 
is now a more pressing problem in German in- 
dustry than ever before. The average purchase 
is small, delivery short, and unfamiliar vend- 
ors may have the only available stocks on 
hand. Hence the necessity for comprehensive 
specifications which will inform the vendor of 
the purchaser's requirements, enable the two 
parties to agree upon the price and commercial 
tolerances, and insure to the fabricator a uni- 
form workability and response to heat treat- 
ment. In many respects the present German 
specifications fall short of this ideal. 
Development of our industry led to a classi- 
fication into (a) iron and (b) steel, and the term 
iron has been carried forward to represent iron- 
carbon allovs which were cast in the molten 
state from converters or open-hearth furnaces. 
At the present time the pronounced trend is to 
avoid the word iron, and to use the following 
general classification : 
Class | Plain steels; include soft) and 
medium carbons; sold at base prices. 
Class Il 
roughly to S.A.E. steels, but including ingot iron 


and the strong structural steels; sold at a base 


Alloy steels; corresponding 


price plus extras for alloy or processing. 

Class II Refined steels (Edelstahle, liter- 
ally translated as “noble steel” or freely as 
“thorough-breds”); tool, die, and high alloys; 
sold at much higher prices. 

In Class I the carbon content varies from 


about 0.05 to 0.60 depending upon the desired 
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strength or elastic limit. Manganese is 0.80 

max. and silicon max. standards 
stipulate three groups: (a) Forging steel for 
machine construction, (b) shapes and sections 
as rolled, (¢) heat-treatable steels. Class T also 
includes the free cutting steels, which are not re 
garded as alloys despite their high sulphur and 
phosphorus. 

Class II is diflicult to subdivide, or even to 
define in a general way, for the analyses and 
properties have not been standardized (in ac 
cordance with the principle that standards 
should be written only for those steels which 
have long been proven to be acceptable to both 
sellers and buyers). In those standards pre 
viously published the attitude was taken that thy 
requirements for cach specific case would b 
sufliciently well understood to insure the ship 
ment of suitable material. The naming or classi 
lication of these special purpose steels has ther 
fore, been unduly neglected. 

As a matter of fact Class IL should not b 
defined simply as “alloy steels” but as special 
ingot irons or alloy structural steels. DIN stand 
ard 1662 is the general specification, although 
this is neither adequate nor inclusive. Maximum 
alloy content of steels furnished under this 
specification for use after heat treatment is as 
shown in the table under “Chromium-Nickel.” 
If the steels are to be used in the as-rolled con 
dition, the carbon is hardly ever over 0.17%. th 
manganese 0.50 and the chromium 1.1‘... As 
much as 0.2% chromium is permitted in nicke! 
steel without being regarded as an alloving el 
ment, on account of the difficulty of excludin 
it from the scrap or of slagging it completely. 


Other groups of unstandardized steels i 
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Maximum Alloy Content of German Special Stee/s 


C | Mn | Si | | WM | Other 


Chromium 


Nickel 0.40|0.60\0.30| — |5.00 
Silicon 0.10|0.30\4.00| — - ~ 
Yansdium |\0.60\0.80 


Molyboenum | 1.20|4.50)| 0.40 Mo 


Copper 0.20\0.65|0.35| | 7.00 Cu 
Cr-N/ 0.40| 0.80) 0.F5| 7.30\4.50 - 
Cr-V |\0.20V 
Cr-Ni-Mo |0.30|0.60)| 0.55| 1.35Q|4.50| 0.50 Mo 
Cr-M-W | 1.30\4.50| 7.00 W 
5/-Mn 0.60) 7.20\7.80| * 


wide use falling into Class I] are shown in the 
table. To it should be added (because of their 
properties rather than analysis) the unalloyed 
carbon-free ingot iron and the Izett steel. Higher 
prices for Class II are justified on account of the 
additional cost of the alloying metals, the extra 
lime, labor and heat required to produce them, 
ind the unusual cropping and surface chipping. 

So much for the maximum alloy content of 
steels in Class Il. As to the minimum which 
divides them from the plain carbon steels of 
Class I, a boundary must be set somewhere, 
since it would be difficult to agree as to the 
amount regarded as impurities or traces. Sub- 
ject to the exception noted above for ingot iron 
and special carbon steels, the lower limit for al- 
loy steel approximately marking German steel- 
making practice is as follows: O0.1° for copper. 
molybdenum, tungsten, aluminum, vanadium or 
titanium; 0.2‘, for chromium or nickel; 05°. 
for silicon, and 0.8 for manganese. 

Class Ill, the refined steels (Edelstdahle). 
inav be subdivided into three groups according 
lo microstructure martensitic, austenitic and 
ledeburitic (eutectic shows in the ingot). Al- 
though none of this is official, the maximum al- 
lov content of German commercial steels of this 
class varies according to use: 

Martensitic steels: (a) For strength and 
toughness: 1.0% carbon, 05 to of chro- 
nium, manganese, nickel and or tungsten. (>) 
ror high magnetic properties: 1.0%, carbon, 
tungsten, chromium and or cobalt. 
(c) For corrosion resistance: Up to 1.0%. carbon, 
IS’, chromium and about 1.5‘. nickel, manga- 


ese and or cobalt. 
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Austenitic steels: (a) For strength and im 
pact resistance: Up to 1.2% carbon and 12 to 
11°) manganese. (b) For beat resistance and 
non-magnetism: O0.5° carbon and 25° nickel 
(c) For corrosion resistance and non-magnet 
ism: carbon, 20° chromium, 10° nickel 

Ledeburitic steels: (a) For strength: 28°, 
carbon, chromium, For dies and shears 
2.5', carbon, 12°) chromium. (If highest hard 
ness is required the analysis would run up to 
carbon, 6° tungsten, 1% chromium, 
vanadium). (c) High speed steel, up to 0.9, 
carbon, 25‘. tungsten, 5‘, chromium, 18. co- 
balt, vanadium, 2.0%) molybdenum. 

Common usage puts the pure carbon tool 
steels, carbon higher than 0.7°,, in Class IIL with 
the refined steels, regardless of manganese and 
silicon content, because of the select raw ma- 
terial and careful) manufacturing practices 
which are absolutely necessary. 


HANS 


Measurement of Weldability 


Pars. 


of welds, two distinct problems are met 


In the study and appraisal 


First is the determination of the general value 
of a welded structure, which leads to the testing 
of pieces of fairly large and even great dimen- 
sions. Such tests are industrial rather than 
laboratory tests and may even extend to the 
study of completed bridges or tankers. 

Second is an estimation of the aptness of 
metals to be put together by welding. This is 
a complex property to which the name “weld- 
ability’ is given. Such a property may be eval- 
uated only after laboratory studies have sep 
arated and determined its elementary factors 

The present writer recently endeavored to 
introduce some precision in the experimental 
determination of a numerical coeflicient of 
weldability. This can be established by follow 
ing some ideas summed up as follows: 

In the first place it is necessary to evaluate 
the solidity and continuity of a typical welded 
joint in the given metal and application. Pres- 
ence or absence of physical defects is deter- 
mined by X-rays, magnetic surveys, density, 
and examination of the fracture, and by me- 
chanical tests such as tensile, impact, and 


bending. The result is expressed by a “com- 
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Correspondence 


pactness coeflicient” C, varying from 1 to zero. 

Next it is necessary to appraise the homo- 
geneity of the welded joint, or to compare the 
properties at the joint with those of the original 
metal some distance back. The various prop- 
erties taken for this evaluation depend upon 
the application; thus — tensile, compressive, 
and shear tests for static structures; impact for 
dynamic parts; corrosion resistance for chemi- 
cal equipment. For every such property P,, of 
the original metal, a determination is made on 
a small sample of the weld metal and its min- 
imum value P, found. These various proper- 
ties may be weighted by various numerical 
coeflicients AK representing their relative impor- 
tance, each to each, and the “index of homo- 
geneity” 7 is then computed by the formula 

10 P, 
YA Pp 

Suppose, for instance, that a sample of 
original metal in boiling nitric acid lost 0.002 
grams per sq.cm. per day, whereas the weld 
metal lost 0.008 grams. Suppose further that 
the tensile strength of the original metal was 
82,000 Ib. per sq.in. and of the weld metal 
75,000. Assume that some chemical equipment 
is to be built, wherein corrosion resistance is 
three times as important as strength. The in- 
dex of homogeneity then becomes 

10 0.002 75,000 
H (3 —— + ——) = 7.3 
0.0038 82,000 

Weldability, finally, will be evaluated by 

the coeflicient 

W 
the numerical value of which will fall between 
zero and 10. Obviously, two or more metals, 
tested and evaluated in this way, may be ranged 
in order of their usefulness. 

This coefficient of weldability W depends 
not only upon the metal, but also upon the fol- 
lowing factors: Initial state of the metal, 
subsequent mechanical and thermal treatments 
of the weld, welding process (oxy-acetylene, 
arc, or atomic hydrogen), nature of deposit, 
use of flux or gaseous atmosphere, use to which 


46 


the welded pieces are to be put, dimension 
and more particularly thickness of the join: 

Estimation of the mechanical homogeneit) 
H, which is of capital importance, requires th, 
use of very small test pieces to determine th, 
properties of a very restricted region. 

For this purpose, the present writer is pro 
ceeding to construct, jointly with M. Chevenard 
some apparatus for making tensile, transvers 
and torsion tests on pieces a few square milli 
meters in cross-section. Such micro-apparatus 
for mechanical testing, in conjunction with th: 
very small ball hardness tester or the diamond 
indenter, will parallel in physical laboratories 
the micrographical tests made so commonly in 
metallurgical laboratories. It will allow us to 
determine the mechanical properties of the sam 
ples studied microscopically or dilatometrically 
This is essential to correlate the results obtained 
by the various investigative methods now in use. 
ALBERT PORTEVIN 


Ferromanganese for Export 


GPOSNY, U.S.S.R. It is well known that two 

of the world’s largest and richest deposits of 
manganese ore are located in the U.S.S.R. One 
of them at Nikopol in the Ukraine has been 
worked for a long time, and has always sup 
plied the needs of our own steel industry, to 
gether with a considerable amount for export 

The larger and richer deposit at Chiaturi in 
the southern part of the Caucasus is of mor: 
recent development, but of more importance to 
our export trade. Its proven resources are esti 
mated at 65,000,000 tons. Exports in both 1929 
and in 1930 were about 710,000 tons of washed 
ore containing from 50 to 53°. of manganess 
While this represents the peak of production i! 
also is an indication of the capabilities of the 
region from a trading standpoint. This tonnag: 
somewhat exceeds that exported by British In 
dia, the most important source prior to the War, 
and greatly exceeds that of the recently de 
veloped West African deposits. From 40 to 50 
of the manganese used in the United States 
comes from the Chiaturi ore body. 

All this time there has been no ferromangé 
nese smelted in the Caucasus, due principally t 
a lack of electric power. This has been remove: 
by the construction of a 30,000-hp. hydro-electr 
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SCARCELY a day passes—sometimes scarcely 
an hour in the day—that you do not go visit- 
ing by telephone. It is truly the magic carpet 
that transports you, quickly and easily, to 
places you would like to be and people you 
would like to see. 

Who can estimate the value of the telephone 
in the daily lives of millions of men and women 

time and money saved, in increased 
efficiency, in security and priceless help in 


time of need! 


modern world offers you. The telephone 1S 
one of the chief instruments by which you 
can seize them. With it at your elbow you are 
ready for what may come—for opportunity, 
for emergency, for the brief word that may 
open a fresh chapter in your life. 

Within the next twenty-four hours, sixty 
million telephone calls will be made over Bell 
System wires—each a separate, individual 
transaction, complete in itself. Yet your own 


calls will go through as quickly and eff 


Contact, communication, swift i 1 ciently as if the entire system had been 
interchange of ideas—these benefits the aa built especially for you. 


AMERICAN TELEPHONE 
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Correspondence 


station near the town of Mzchel. Construction 
of the first units of a 60,000-hp. power house on 
the Ryon river started summer before last, and 
the Economic Plan calls for a 150,000-hp. plant 
in Toporavany. It is intended to use much of 
this cheap power electro-metallurgical in- 
dustries to be developed simultaneously. 

A project for the production of 78 to 82°, 
ferromanganese in electric furnaces was ap- 
proved in 1929 by the Georgian Economic Coun- 
cil and a committee of experts in Moscow. De- 
signs were made by the German firm of Siemens 
Halske. 
been built (near the town of 


The first third of this plant has now 


). The investigation was instituted by the fact 
that the two alloys — though showing the sam 
tensile strength, elastic limit and elongation 
when tested under tension — had given very dif 
ferent results when used for compression mem 
bers in the construction of hydroplanes. 

While it would be tedious to give all the re 
sults obtained by Guidi, a few figures in the ad 
joining table will be sufficient to give a general 
view of the differences found when testing fabri- 
cated struts. Cross-sectional area ranged be- 
tween 0.10 to 0.95 sq.in. For well-known rea 
sons, struts made with thinner sections showed 
lower unit compressive strengths. It thus ap 
pears that the difference ranges from 12 to 15‘, 
in those thicknesses and sections generally used 


in aircraft. 


Sestaphony) and placed in C OF Strat 
nit Compressive Strength of Struts 
operation about a vear ago. si Pounds per Squere inch Differ 
Its present capacity is about NESS O: ence 
flanges Bongur Alclad Between 
tons of ferro per veat Inches Averages 
from three 7500-kva,. Heroult- Max. Min. | Average | Max. in. Average 
Helfenstein furnaces, Trans- 0.020 | 15,800 | 15,000 | 15,300 | 73,800 | 12,800| 13,500| 13.5% 
formers supply three-phase 0.031 24,600 | 22,800 | 23,800 |\27,000| 78,500| 22.2% 
110 0.039 | 28,600 | 27,400 | 28,300 | 24,900 | 24,200\24,500| 15.4% 
0.059 | 39,300 | 532,600 | 36,800 | 35,500 | J5,000| 11.0% 
trodes are 1S in. diameter of 
the self-baking type. 
The plant is completely mechanized. Above The other note T have to transmit concerns 


each furnace are four hoppers for manganese 
ore, iron ore, limestone, and coke. Its chief pur- 
pose, as before stated, is to produce 80° ferro- 
Inanganese to be exported instead of ore. 

B. M. Sustoy 


Aluminum for Struts and Wire 


RIN, Trans 


the uses and properties of aluminum alloys 


A pair of interesting notes on 


have recently appeared in my country. The first 
has to do with a considerable variation in the 
compressive strength of samples having identi- 
cal tensile strengths. 

Tests were made by C. Guidi on fabricated 
struts of duralumin whose length was about ten 
times the greatest transverse dimension, and re- 
ported to Aluminio. The two materials investi- 
vated were “alclad™ (17-ST covered with pure 
aluminum) made by Aluminium, Ltd. and 
“bondur”” of the Durener Metall-Werke (de- 


scribed by Dr. Diergarten in September, page 


48 


the installation of aluminum cable for high ten 
sion electric lines. 

Regular operation of the large Italian 
plants for the production of aluminum only be 
gan in 1928, after many of the most important 
electric transmission lines had been built) and 
equipped with copper cables. Since that time 
aluminum has been favored in Italy for this pur 
pose, but in recent vears the construction of 
hew lines has been hampered from well-known 
economic reasons. This explains why Italy, hay 
ing a late start in the production of her own 
metal, has comparatively few lines equipped 
with aluminum or aluminum alloy cables. 

Nevertheless, of the 1260 miles of lines con 
structed during 1929, 1980 and 1931, 998 or 19°, 
have been equipped with the light metal. [t ts 
also remarkable that the development of its use 
has not been greatly affected by the long depres 
sion in the copper prices, which fact confirms 
the importance of the technical advantages ot 


aluminum alloy cables. (Continued on p. 
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These 


steps lead 
superfine TOOL STEELS 


Quauiry Tool Steels never “happen.” The superfine quality of Bethlehem Tool Steels is builtup, step 


by step, with infinite care and patience, throughout manufacture. Each process followed is representative 


of the most advanced steel- making practice. The result is inevitable: Tool 


Steels so uniformly fine as to bring marked economies wherever they are used. 


HIGH-FREQUENCY INDUCTION MELTING 


Bethlehem Tool Steels get the right start by melting in the high-frequency 
electric induction furnace, which makes steel to laboratory standards of accuracy. 


LIBERAL INGOT DISCARD 


Large discards, from both the top and bottom of the 
ingot, mean that the buyer gets only the “cream” of 
the tool steel. 


HAMMER-COGGING OF INGOTS 


It's far costlier to hammer-cog ingots than to roll them. But 
the tremendous impact developed under the 14,000-lb. 
hammer insures a complete working of the entire ingot 
and the breaking up of all undesirable ingot structure. 


PROGRAM-CONTROLLED ANNEALING 


The exact heating, soaking and cooling curve desired is obtained by a motor- 


driven cylinder on which the edge of a plate guides the tempera- 


ture regulator. Possibilities of human error are climinated. 


RIGOROUS INSPECTION 


Thoroughly representative cross-sections for inspection are obtained by 


cutting slabs from the tool-steel billet stock before rolling, and cutting 
discs from the finished bars. 
These samples are subjected to hot-acid etch, hardenability tests and 


microscopic examination. 


BETHLEHEM STEEL COMPANY 


GENERAL OFFICES 


BETHLEHEM, PA. 
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Pop: Structure of cast steel (no heat or mechanical treatment.) 


Center: Same steel, annealed. Lower: Same steel, forged 


What about the 
Grain Size. 


HEN the structure is correet but the 
machinability or tensile strength does 


not meet the requirements look to the grain 


size for the solution. 


Deformity of grains by cold working and 
abnormal growth under certain annealing 
conditions often cause trouble in such op- 


erations as drawing, ete. 


Bausch & Lomb Metallographic equip- 
ment equipped with a micrometer eyepiece 
will assist you in locating the trouble. We 
can help you if you will write to us about 


your problems. 


Bausch & Lomb Optical Company 
638 St. Paul Street Rochester, N. Y. 


BAUSCH € LOMB 
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Correspondence 


A survey made as of 1931 of five important 
European countries shows that in the very high 
voltage lines (200,000 to 250,000 volts) aluminum 
is used exclusively, except in Germany. 

In England all lines of 85,000 to 200,000 volts 
are also of aluminum, aluminum alloy, or steel- 


cored aluminum. In France, Switzerland, and 
Germany the proportion is 730 miles to 445 miles 
390,000 copper 


has the great predominance in all Europe. 


for copper. For voltages below 


GIOLITT! 
Strength of Bolts 


read with great 


GERMANY We have 
M. Slaughter’s 
in the March issue. 


“Tests on 
At the 
Bauer & 


a very simple method of calcu- 


interest E. article 
Threaded Sections” 
leading German nut and bolt factory, 
Schaurte, A.G., 
lation has been developed to get the true tensile 
strength of a threaded section. The result of a 
long series of tests, published by the undersigned 
showed that correct 
of the root 


area when calculating the strength of a bolt. 


in WVaschinenbau in 1932, 
values are obtained if one uses 112°, 


It is apparent from inspection of the table 


below that the areas obtained by our method 


and Mr. Slaughter’s method check very closely 


Size | Root Aree |\Aree on Mean Diffor- 
Of Bolt| plus 772% | Diameter ence 
5g. Mm. Sg. Mm. 
V4 79.620 20.636 -4.8% 
Hib 33.048 +0.05 
Vg 49.349 50.182 -7.6 
V6 67.976 68.632 
Yo 87.744 66.739 
146.777 146.237 +7.0 
44 279.428 276.325 *7.07 
303.956 298.575 #7.02 
7 400.196 391.678 i *7.02 


The per cent difference was calculated with 
(National Acme 


It is seen to be inconsiderable. 


the values for mean diameter 
Co. basis) as 100. 
Consequently our method gives values for ten- 
closely comparable to the one 
Slaughter, 


derstand, adopted as a tentative recommended 


sile strength 


commended by Mr. and later, we un- 


practice by your Society. Kart ScHIMZ 
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...and now 


BERYLLIUM-COPPER 


sheets—wire—rods—tubes—fo rem gs 


= Wy BERYLLIUM-COPPER is a relatively new 
QS = alloy being produced commercially 
WV by The American Brass Company. 


oe The most notable characteristic of 
A heat treated Beryllium-Copper 


coil spring withstood 10,000,000 — the alloy is the remarkable improve- 
oles of deflection without 
cationof failure anillutration in physical properties which 


can be brought about by heat treat- 


ment. In the annealed condition, 
Anaconda Beryllium-Copper wire, for instance, has a tensile 
strength of about 74,000 p.s.i. and by a correctly selected 
heat treatment, this tensile strength may be increased to any 
desired value up to 181,000 p.s.i. Similar increases are achieved 
in hardness and fatigue limit. 

Whether annealed or cold worked, Anaconda Beryllium- 
Copper can be fabricated by usual methods, after which 
finished parts may be physically improved by heat treatment. 

A copy of Anaconda publication B-21 describing this alloy 
in more detail and giving general heat treating instructions 


will be sent upon request. 


THE AMERICAN BRASS COMPANY 


General Offices: Waterbury, Connecticut 


Offices and Agencies in Principal Cities 


Anaton 


from mine to consumer 


Canadian Mill: ANACONDA AMERICAN BRASS LTD., New Toronto, Ont. 


ANACONDA COPPER AND BRASS 


NOVEMBER, 1933 
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PURE CARBON-FREE 


metals 


97-98% 


Tungsten Powder___ 


Pure Manganese____ 97-99% 
Ferro-Chromium ___ 60% 
Pure Chromium ____ 98-99% 
Ferro-Tungsten ____ 75-80% 
Ferro-Titanium 25% 


Ferro-Vanadium ___ 35-40% 
(1% Silicon) 
Send for Pamphlet No. 2021 


Metal & Thermit Corp. 


i 120 BROADWAY, NEW YORK, N. Y. 


Albany Pittsburgh Chicago 
South San Francisco * Toronto 


STATEMENT OF OWNERSHIP, MANAGE- 
MENT, CIRCULATION, ETC. 


ongress of 


and Managing 
md, Oh 
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Mehinnes 
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Important Articles 
in October 


Blast Furnace 


Centralized Control of Blast Furnace, O. P. Va 
Steewen, Blast Furnace & Steel Plant, Oct., p. 523 
Utilization of Blast Furnace Gas, W. B. Baxter 
(British Iron and Steel Institute Paper), Engineering 
Sept. 15, p. 318. 


Steel Making 


What Phase of Manufacture is Most Responsibl 
for Steel Quality, F. F. Foss, Iron & Steel Enginee: 


Oct., p. 10... . . . Making Quality Steels, Emil Gathman 
Blast Furnace & Steel Plant, Oct., p. 534. . Hetero 
geneity of Steel Ingots, Iron & Coal Trades Review 
Oct. 6, p. 524... . . Increasing Production of Open 
Hearth, Arthur Robinson, (British Iron & Steel Insti 
tute Paper). . . . Deoxidation of Steel, C. H. Herty 


(Report to Carnegie Institute Advisory Board). 
Finishing the Heat of Steel, J. R. Hruska, Blast Furnac: 


& Steel Plant, Oct., p. 532... . . Heat Conservation ir 
Steel Making, W. J. Brooke, (British Iron & Stee! 
Institute Paper). Fuel Problems in Europea: 
Steel Plants, Ake Anjou, Iron & Coal Trades Review 
Oct. 13, p. 551... Residual Metals in Open-Hearth 


Steel, C. EE. Williams, Metals & Alloys, Oct., p. 151 
Steel Mills 


New Open-Hearth Plant in Shetlield, [Industrial 


Chemist, Oct., p. 333... . Skoda Works, Czecho 
Slovakia, W. Woodside, Canadian Machinery, Oct., 1933 
p. 26... . . Hadfield’s, Ltd., Steel Plant, The Engineer 
Sept. 22, p. 290. . . . Development of Rolling Mills 
H. E. Cookson, Iron & Coal Trades Review, Oct. 6 
p. 520. . . Blooming Mills, W. Trinks, Blast Furnace 
& Steel Plant, Oct., p. 535. Tension Reels or 


Strip Mills, F. Mohler, Iron Age, Oct. 5, p. 18. 

Steel Mill Equipment, Made by Welding, H. G. Marsh, 
(Paper for International Acetylene Asso.). . . . . Sheet 
Mill Motors, G. A. Caldwell, Electric Journal, Oct 
p. 399. . . . Axle Plant for Russia, The Engineer 
Oct. 6, p. 330. Spring Manufacturing Plant 
DD. MaciInnes, Canadian Machinery, Oct., p. 15. 


Heat Treatment and Furnaces 


Formation of Seale, K. Heindlhofer, Transactions 


AS.S.T., Oct., p. 365. . Heat Treatment With 
Oxy-Acetylene Flame, J. H. Critchett, (Paper for Inte! 
national Acetylene Asso.). . . . . Heat Treating at Boll! 


and Nut Plant, F. L. Prentiss, Iron Age, Oct. 12, p. 14 
Hleat Treating Steel Wheels, Heat Treating & 


Forging, Sept., p. 12... . Annealing Large Drums 
With Hot Air, Charles Longenecker, Heat Treaiing & 
Forging, Sept., p. 21... . Annealing Furnace for 
Large Boilers, Iron & Coal Trades Review, Sept. 22 
p. 450. Furnace Heating, R. A. Hadtield, Iro: 
& Coal Trades Review, Sept. 29, p. 475. . Coke 
Fired Reheating Furnace, F. Lloyd, (British Iron & 
Steel Institute Paper). — Bright Annealer for 
Copper Tubing, J. S. Murdock, Heat Treating & Fors 
ing, Sept., p. 24... Control Systems, by R. A 


Smart, Metals & Alloys, Oct., p. 153. 
Castings 


Wear of Nitrided Cast Lron, J. E. Hurst, (Britis! 
Iron & Steel Institute Paper), The Engineer, Oct. 
p. 337. . Inverse Chill in Gray Cast Iron, C. # 

(Continued on Page 54) 
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i 
Required by the act of Camm August 24, 101°, of Merat 
Progress, published monthly at Cleveland, Ohio, for October 1, 
Stat Ohio, county of Cuvahowa, ss 
i Before te t notary public, n and for the State ind ¢ nty 
foresaid, personally appeared Rav 7 Bayless, who, having beer 
“wort wn ling t law, deposes and says that he the 
4 sistant secreta f the American Society for rreating, and 
y that the following is, t th best of his knowledge and belief, a 
true statement t the Vnership, management, the aforesaid 
4 publication for the date hown in the above caption, required by 
the Act f Angust ?4, 191%, embodied in section 411, pestal laws 
ind regulations, wit 
7 1. That the names and addresses of the publisher, edit manag 
: ing ehitor, and business managers are Publisher American Society 
Editor, Ernest Thum, 7016 Enelid Avenne, Cleve 
siness Manager, W. HL. Eisenman, 7016 Ruclid Avenue, 
Pha the wher is The American Socet for rreating, 
7016) Euclid) Avenue, Cleveland, Ohi Which educational 
nstitution, the officers being President, W. B. Colemar Vier 
io President, W. H. Phillips; Treasurer, A. T. Clarage Secretary, W 
it * ‘ H. Kiser lhirectors, ¢ Paseo, ROS. Archer, GQ. KReshian, 
il. and A, \ thove officers f the 
for lreating, address at id 
Clev 
mown rtwaue ina tl 
‘ ‘ two paragraphs neat above, giving the names of the 
whers, stockholders, and security holders, if any, contain not only 
the list of stockholders and security holders as they appear upon 
the books of the company, but als in causes Where the stockholder 
or security holder appears uper the beoks f the companys is 
triuates oim any ther fiduciary relation, the narne the person 
: er corporation for wher truste. s acting, is given ils that 
the said tw paragraphs contain tatements embracing affiant’s full 
Knowledge and bellf as t the cireumstances and nditions under 
which stockholders and securitv” bh lers wh net apma upor 
the the companys is) trustees hold ten securities it 
1 capacit ther than that of a leona fick ner; and this affiant 
has ne reason to believe that an isectation, or cor 
; poration has any interest direct r indirect in the said stock, bonds, 
vr other securities than as so stated I h 
Kay 7 BA\Less, Assistant Secreta f the im Societs 
for Steel Treatin 
Sworn t subeerthed before me this tl las f 
September, ess 
Antutr T (Seal) 
Notary | (My commission expires January, 1935) 
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SELF-RECORDING DILATOMETER 


Ni 


™ 


ods for various materials can be simply determined. 


FOR QUENCHING 


INVENTED BY PROF. DR. S. SATO, 


Member of the Research Institute for Iron, Steel and 
Other Metals, Imperial University, Sendai, Japan. 


A portable self-recording dilatometer adapted 
for obtaining the accurate record of the re- 
lation between the temperature and the ther- 
mal dilatation as well as that of temperature 


versus time ina rectangular coordinate system 


by entirely mechanical means on a sheet of 


paper without using any photographic arrange- 
ments even in the case of quick cooling or 
heating such as quenching, so that the quench- 
ing effects in different cooling media or at 


different quenching temperatures may be eas- 


ily compared and the nature of the quenching media or the quenching meth- 


In these cases. the whole 


curves recorded by the apparatus, especially, the mode of the progress of the 
transformation of the given material under test is always directly visible, being 
the decided advantage of this apparatus over any other photographic recording 
dilatometers. Thus the apparatus is very useful in the metallur- 


gical laboratory as well as in the practical engineering shops. 


7 


0.9%C Stee. 


7.6 


+ + + 


Furnace Cooling 

+ Imperfect Quenching 
Perfect Quenching 


ce Vik KOKUBUNCHO 
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Convenience in HARDNESS TESTING 


Makes for SPEED, 
ECONOMY, ACCURACY 


The MONOTHRON has now come into gen- 
eral use by discriminating establishments 


because 


A. It has the required Adaptability and con- 
venience in operation upon which speedy 
and satisfactory service 
depends 


- Two Dials show more 
than any one Dial tester, 
solving problem of ap- 
plication to all known 
materiale of any hard 


Not Most Lxpensive ) 
Machine to Inetall 


For additional information 
see our Bulletins M3, M-5, 
also Bulletin M-7, giving list 
of satisfied users, sent free 


lor a Good Single 
Dial Tester We Offer 


The SCLEROSCOPE 
(Latest Improved) 


hun k, accurate, more 
popular than ever, it has 
the only simplitted (Centi- 
grade) scale which un 
derstood and quote ds the 
world over. The only tester 
that is 100% portable, and 
operative on work of un- 
limited size. Accurate con- 


versions to Breinell. the SC LER. 


Bulletins S No. 22 and 5 OSCOPE, 
The MONOTRON No. 30 mailed free. 100% Portable. 


THE SHORE INSTRUMENT MFG. CO, 


Van Wyck Ave. & Carll St. Jamaica, New York, N. Y. 


for 


e 
Heat-resisting or 


Corrosion-resisting 
Applications 


Spectty 
Cast NICH ROME 


Carburizing Containers 
Heat-treating Containers 
Pyrometer Tubes 

Lead Pots 

Cyanide Pots 

Furnace Parts 


or Cast CHI ROMAX 


Carburizing Containers 
Lead Pots 

Cyanide Pots 

Furnace Parts 


DRIVER-HARRIS COMPANY 


HARRISON, NEw JERSEY 


October’s Reading 


Kain, Foundry Trade Journal, Oct. 12, p. 201. 
Heat Treating Cast Iron, J. E. Hurst, Iron Age, Oct. ° 


p. 24. . Sodium Carbonate Treatment for € 
Iron, E. W. Colbeck, Foundry Trade Journal, Oct. 
p. 191. . . . . Cast Steel in Europe and America, P 
Dwyer, The Foundry, Oct., p. 17. . . . . Alloy St 
Castings, A. W. Gregg, Iron Age, Oct. 5, p. 15. 

Steel Castings Development of Specifications, BR 


Bull, Steel, Oct. 2, p. 30. 
Properties and Uses of Steel 


Fatigue and Hardening (Campbell Lecture), 1 

French, Transactions, A.S.S.T., Oct., p. 899. 

High Manganese Rivets, A. E. Gibson, Steel, Oct. 2 
p. 27. . . . . Beryllium in Steel, J. H. S. Dickenson 
(British Iron & Steel Institute Paper), Iron & Coal 
Trades Review, Oct. 13, p. 557. . . . . Iron-Manganese 
Alloys, M. L. V. Gayler, (British Iron & Steel Institut: 
Paper). . . . . Copper in Iron and Steel, E. F. Cone 
American Machinist, Oct. 25, p. 681. . . . . Creep of 
Metals, by Rohn Test, C. R. Austin, (Paper for Ameri 
can Institute of Mining Engineers). . . . . Materials 
for Machinery, A Symposium, Machinery, October Issue 
ae Metal-Faced Dam, H. P. Bunger, Engineering 
News-Record, Oct. 26, p. 504, 510. . . . . Metals for 
Coal Breakers, W. L. Keene, Coai Age, Oct., p. 335 
Factory-Built) Houses, Canadian Machinery 
Oct., p. 24. 

Non-Ferrous Metals 


25 Years’ Progress in Brass Mills, W. R. Barclay, 
The Engineer, Sept. 29, p. 312. . . . Internal 
Stresses in Brass Tube, James Fox, Engineering, Oct 
6, p. 375. . . . . Copper Alloy Wire, J. T. Kemp, Wire 
& Wire Products, Oct., p. 310... . . Copper Embrittle 
ment, L. L. Wyman, (Paper for American Institute of 
Mining Engineers). . . . . Everdur Tanks, Welded, ! 
T. Hook, Journal, American Welding Society, Oct., p 
i4. . . . . Nickel for Chemical Equipment (Caustic) 
H. EK. Searle, Chemical & Metallurgical Engineering, 
Oct., p. 528. . . . . Leaded Bronze, H. J. Roast, The 
Foundry, Oct., p. 20... . . . Selenium Coatings on 
Magnesium Alloys, G. D. Bengough, Engineering, Oct. 6 
p. 399... . . Cadmium-Nickel System, C. E. Swartz 
(Paper for American Institute of Mining Engineers 


Heat and Corrosion Resistant Steels 


Stable Steels for Heat Resistance, V. N. Krivobok 
(Report to Carnegie Institute Advisory Board). 
Titanium and Columbium in High Chromium-lron <A! 
loys, F. M. Becket, (Paper for American Institute 
Mining Engineers)... . . 18-8 Wire, S. H. Rees, (Brit 
ish Iron & Steel Institute Paper). . . . . Diffusion o! 
Chromium lato Iron, L. C. Hicks, (Paper for American 
Institute of Mining Engineers). . . . . Welding Corro 
sion Resisting Steels, C. J. Jennings, Welding «nginee! 
Oct, p. 15... . . Repair of Stainless Equipment! 
Chemical & Metallurgical Engineering, Oct., p. 03! 
— . Chromium Steel Brewery Equipment, H. |! 
Edwards, Refrigerating Engineering, Oct., p. 192... 
Chromium-lIron Castings, W. F. Furman, Metals 4 
Alloys, Oect., p. 147. 


Cold Work— Drawing, Stamping 


Deep Drawing Vs. Tensile Properties, M. H. 5 
mer, (Paper for American Institute of Mining ! 
gineers). . . . Plastic Deformation and Inter 
Stress, C. S. Barrett, (Report to Carnegie Institute 
visory Board). . . . . Plastic Forming of Metals | \ 
Series), Erich Siebel, Steel, Oct. 16, p. 23... . . M 

(Continued on Page 56) 
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The Inverted Microscope and Camera of Micro- 
Metallograph Simplified Model **MM-2” repre- 
sent a modified as well as simplified construction 
of the well Known Leitz Micro-Metallograph 
Large Model “MM-L” which is so successfully 
used for micro-analysis of metals. The purpose of 
offering the Simplified Model *“MM-2” is to pro- 
vide at the lowest possible cost an instrument includ- 
ing all essential equipment both in optical and me- 
chanical respects that meets the entire range of 
practical requirements from carbon-iron alloys to 
metals of every variety. 


The New Instrument fulfills a demand which 


LEITZ MICRO- 
METALLOGRAPH 


Simplified Model **VIM-2” 


NOTE: The Leits Darkfield 
Equipment and the new ser- 
ies of Leits Objectives (cor- 
rected for infinity) are sup- 
plied with the Simplified 
Vicro-Metallograph *MM-2°. 


has hitherto existed for micro-metallographic 
equipment arranged in its construction to meet 
the efficiency known to exist with the large Micro- 
Metallograph, however, in price so arranged, that 
industrial and educational laboratories with a mod- 
erate purchasing budget can be accommodated, 


H rite for Literature B-7231 


E. LEITZ, Ine.. Dept. 403, 60 E. l0th St... New York 
BRANCHES 
WASHINGTON, D. ¢ 
927 Investment Bldg. 
SAN FRANCISCO, CALIP. 


Spindler & Sauppe 
86 Third St. 


CHICAGO, ILLINOIS 
22 Se. Michigan Ave. 
LOS ANGELES, CALIPF. 
Spindler & Sauppe 
811 W. St. 


SELECT 


ELECTRIC POT FURNACES 


FOR YOUR LEAD-SALT-CYANIDE WORK 


If you want steady, reliable service... if you want the lowest cost per op- 
erating hour... if you want exact, tangible results... if you want maxi- 


mum equipment life... then your choice will naturally be“ AVIERICAN”, 


Bulletin 22 shows construction and stock sizes. 


Ask for your copy today. 


American Electric Furnace Company 
30 VON HILLERN STREET, BOSTON, MASSACHUSETTS 


VEMBER, 1933 
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CERTAIN CURTAIN 
ELECTRIC FURNACE 


eliminates spoilage 


in hardening high speed steel 


hardening high speed steel? 
What a tremendous claim! Yet this is exactly what users 
of the Certain Curtain Furnace DO claim. “Records show 
that our tool cost has decreased $571.40 a month, or 25‘, 
says one. “Have entirely eliminated tool losses due to 
faulty heat treatment,” states another. “Due to elimina- 
tion of spoilage, a material saving in steel and labor has 
been effected,” states a tool manufacturer. A_ steel mil! 
tells us: “Our troubles have practically disappeared in the 
plants of customers using your furnaces for high speed 


tools.”’ 


ELIMINATE spoilage in 


Amazing results of our 
perfected atmosphere control 


The patented Certain Curtain Control of furnace at- 
mosphere is responsible for results such as the above. But 
how? Briefly, it provides a well nigh perfect hardening 
atmosphere. This results in a wide Margin-of-Safety. 
Even the most delicate tools can be held at the critical for 
an ample length of time to develop maximum hardness, 
without danger of decarburization, scaling or fusing of 
the finest teeth or edges. AND WHAT IS MORE recent 
investigation conclusively proves that proper atmosphere 
also retards grain growth! Get the whole story. Learn 
about Margin-of-Safety, blueprinting furnace atmosphere, 
controlling grain growth and other facts of MODERN high 
speed hardening by sending for our 


NEW BULLETIN 
“Effects of Atmosphere Control in Pre- 
cision Hardening” 


C. 1. HAYES, INc. 


Vakers of klectric Furnaces... est. 1905 
129 Baker Street, Providence, R. I. 


BURKE : cones 
2281 Seranton Road 148 Crestwood Avenue 
Cleveland, Ohio Buffalo, New York 
26 So. Fifteenth Street 176 Fulton Street 
Vhiladelphia, Pa. New York, N. Y. 
L. Cc. LOSHBOUGH ‘ A. HOOKER 
2626 W. Washingtow Blvd 202 Forest Ave., Royal Oak 
Chicago, Hlinois Detroit, Michigan 

BL. SMALL, 1301 Clack Bldg., Pittsburgh, Pa 


— free upon request. 
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October’s Reading 


facture of Cold Drawn Bars, E. S. Heck, Steel, Oct. 9 
p. 25. Stamping Automobile Parts, Canadian 
Machinery, Oct., p. 20. . Back Pull in Wire Draw 


ing, F. ©. Thompson, (British Iron & Steel Institut 
Paper). 
Welding 
Welding Code, (British), Engineering, Oct. 6 


Are Welding Under Water, N. S. Hibsh 
man, Journal, American Welding Society, Oct., p. 4 

a, Progress in Are Welding, E. A. Hurme, Iron & 
¥ Engineer, Oct., p. 279. . Welding in Aircraft 
r. Jansen, Journal, American Welding Society, Oct. 
p. Welding Large Hydraulic Valves, C. 
Brinton, Iron Age, Oct. 19, p. 10. Welding 30 
ft. Pipe for Boulder Dam, Western Machinery & Stee! 
World, Oct., p. 300. . . Rail Welding, Under Traftic 
J. H. Deppeler, Journal, American Welding Society 
Oct., p. 30... . . . Welded Overlays for Battered Rail 
Ends, J. C. Hartley, Welding, Oct., p. 448. Prop 
erties of Welded Cast Steel, C. H. Jennings, Journal! 
American Welding Society, Oct., p. 25. Magnetir 
Properties of Welds, W. F. Hess, Journal, America: 
Welding Society, Oct., p. 21. 


p. 390. 


Machining and Tools 


Cutting of Metals. R. C. 
gineering, Oct., p. 625. Machining of Aluminum 
Rk. V. Hutchinson, American Machinist, Oct. 11, p. 64 

Grinding Formed Cutters, E. S. Heck, Abrasive 
Industry, Nov., p. 8. Polishing Materials, F. B 
Jacobs, Abrasive Industry, Nov., p. 12... Wire 
Drawing Dies, J. J. Kehoe, Wire & Wire Products, Oct 
p. 305. Wire Mill Drawing Die, K. B. Lewis 
(Paper for Wire Association). 


Deale, Mechanical En 


Cleaning and Coating 


Electrolytic Cleaning, Wernick, Industria! 
Chemist, Oct... 1933. — Effects of Pickling, |. G 
Slater, (British Iron & Steel Institute Paper). 
Pickling and Inhibitors, A. B. Dore, Canadian Cher 
istry & Metallurgy, Sept., p. 192. Inhibitors, | 
P. Spruance, Wire & Wire Products, Oct., p. 328. 
Glass-Lined Chemical Equipment, P. S. Barnes, 
trial & Engineering Chemistry, Oct., p. 1080. 
Vitreous Enameling of Sheet Iron, G. A. Hutt, Meta! 
Industry, Oct., p. 338. 


Indus 


Clinical Studies 


Embritthement of Steel at Moderate Temperatures 

M. Kay, The Engineer, Sept. 29, p. 314; Engineering 
Oct. 13, p. 417. . Corrosion of Iron in Salt, E.G 

Ardagh, lodustrial and Engineering Chemistry, Oct 
p. 1116. Soil Corrosion of Pipe, K. H. Loga: 
Chemical & Metallurgical Engineering, Oct., p. 514, 95! 

Caustic Embrittlement, J. P. Phe 
Boiler Maker, Sept., p. 160. Rail Failures, Kai 
way Engineering & Maintenance, Oct., p. 484. 
Decomposition of Austenite, F. M. Walters, (Report | 
Carnegie Institute a Board). Effect 
Hydrogen on Steel, N. P. Inglis, (British Iron & Ste 
Institute Paper). Estimation of Inclusions 
Steel, R. Treje, (British Iron & Steel Institute Pape! 
Hydrogen in Iron, R. H. Harrington, Tra’ 
A.S.S.T., Oct., p. 896. 


actions, 
General Reviews 
in 1932-1933, Electrical En: 


Photo-Elasticity, T 
p. 570. 


Electrometallurgy 
neering, Oct., p. 706. 
Evans, Civil Engineering, Oct., 
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MiorE WorK 
per furnace hour 


The low shrinkage of Char Carbur- 


izers 3% to 5% on working mixtures 

permits packing more steel per box. 
The result is more work per furnace 
hour and lower maintenance and op- 
erating costs on carburizing equip- 


ment. tse... 


CHAR 


A\MERICAN CARBURIZERS.. 


continue to be installed ... Why 
... because a survey of actual cost 
proves their economy. ... Won’t 
you give us an opportunity to make 
such a survey for you for your own 
information? 


CARBURIZERS 


for Kconomy and Quality Results 


CHAR PRODUCTS COMPANY . 
MERCHANTS BANK BUILDING INDIANAPOLIS American Gas Furnace Co. 
ELIZABETH, NEW JERSEY 


RECOVERY act 


PROTECTION 


AGAINST CORROSIVE GAS 


Chis 24-inch pipe line in the South West is coated inside with NO- 


OX-ID for long time protection against the corrosive action of a gas 
containing nitric acid which “eats up pipe”. For many vears NO- 
OX-ID has been used in the presence of acid fumes and other high 
stimulants of corrosion, and has a record under these conditions of 


xtending protection to a point where engineers consider their rust 


problems as nil. ..... NO-OX-ID penetrates to the seat of pits and 
corrosion already in progress and stops further action rather than 
bridging” and permitting oxidation to continue. .. . ; At every point 
trom the first step in production to protection of the product that will foil oxidation effectively and inexpensively for 
luring its life of service, there is a consistency of NO-OX-ID practically any length of time required. .. . Inquiries invited. 


DEARBORN CHEMICAL COMPANY 
CHICAGO ® 8 “4 House of Chemical 
NEW YORK NO'EX (ID Engineers in Service to 


TORONTO The inal Rust P Industry Since 1887 
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‘INSIDE’ STORY 


WHAT makes a good watch RUN? 
The “Insides’’, of course. 


Why do some Alloy Heat-Resisting Castings deliver thous- 
ands of extra service heat hours, while others fail after a 


short period? 
Again, the “Internal Structure” tells the story. 


THERMALLOY 


PIONEERS, in offering X-RAY inspection service to YOU, 
to assure sound “Internal! Structures” for Heat-treating Box- 
es, Pots, Retorts, and Furnace Parts. 


Write for a copy of our Bulletin 200 describing if 
THERMALLOY X-Ray Inspection Service. 


THE ELECTRO ALLOYS COMPANY 
ELYRIA, OHIO 


Thermalloy 


METAL PROGRES 
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VERYTHING FOR 


XY-ACETYLENE 


SWELDING cCUTTING 


| LINDE 


OXYGEN 


ry 
...plants and 
warehouses in 
all industrial 
centers. 


PREST-O-LITE 
ACETYLENE 
... the standard 


for well over 
a quarter of a 


century. 


OXWELD 
APPARATUS 
AND SUPPLIES 
... available for 
every oxy-acety- 
lene welding and 
cutting operation. 


UNION 
CARBIDE 
..sold in the famil- 
ior Blue and Grey 
drum fromover250 
warehouse stocks. 
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Oxwelding Helps You Save 


Maintenance Dollars 


In Automobile Manufacture 


$99.86 covered the entire repair cost of a 
punch press frame returned to service by 
oxy-acetylene welding. New frames cost 
$250, delivery in three weeks. The produc- 
tion loss was estimated at $750, making a 
total replacement cost of $1,000. The frame 
was oxwelded in two hours without preheat- 
ing, at a saving of about $900, 

Case No, 2808 


In Foundry Operation 


A foundry formerly remelted and recast 
broken foundry flasks. Repair by bronze- 
welding now makes possible a $60,000 an- 
nual saving on this item alone. 

Case No, 2457 


In Steel Plants 


Oxwelding and machining worn manga 
nese steel coupling boxes cost $50. Formerly 
rough castings were bought at $75, and fin- 
ishing cost $50. They saved $75 on each re- 
claimed box. Case No. 2840** 


In Lumber Mills 


A lumber concern in the Northwest saved 
a replacement cost of $2,000 when a large 
cast-iron Diesel engine base fractured. Al 
though it was badly broken, a Linde service 
operator supervised repair by oxwelding, 
without dismantling. Repair cost only a 
small fraction of the cost of replacement. 
Case No, 3989** 


In Making Explosives 


An explosives manufacturing plant 
scrapped a $500 steam jacketed kettle, when 
a crack developed around the bottom. It was 
repaired quickly by bronze-welding and re- 
mained tight when subjected to a hydro- 
static test of 40 lb. per sq. in. pressure, 
which was twice the normal working pres- 
sure of the kettle. Case No, 4030" 


In Purifying Salt 


Bronze-welding a 30,000-lb. rocker arm 
on a vacuum pump cost a salt manufactur 
ing plant less than $100. Since the estimated 
replacement cost was $1,000, bronze-welding 
effected a 90 per cent saving and did a pet 
fect repair job. Case No, 5105 


In Rock Crushing 


In a rock products plant, oxwelding and 
cutting put a fractured rock crusher bow] 
into condition at a saving of over $2,000. 

Case No, 4180°* 


In Refrigeration 


In an ice plant, a twenty-two year old 
compressor cylinder required a special cast 
ing for replacement. The old cylinder was 
repaired by oxwelding in 36 hr. at a frac 
tion of the cost of a new casting. 

Case No. 4090 


In Coal Mines 


Accidental overloading of a hoisting en- 
gine in a coal mine, caused a bad fracture 
of the engine bed and cracked the cross 
head bearings. The casting weighed 17,500 
Ib. and involved 28 lin. ft. of bronze-weld 
ing. Three welders completed the actual 
welding in about three hours. Total cost, 
including materials, labor and overhead, 
amounted to only 20 per cent of the r 
placement cost of the casting. 

Case No, 3710 


In Textile Mills 


A broken steam engine cylinder in a New 
England textile mill put the entire plant 
out of operation. The model was obsolete 
and the plans had been destroyed, so that 
the cylinder was irreplaceable. Bronze 
welding solved the problem of repairing 
the 4-ton cylinder. The job was completed 
in 24 hours at less than ', of the original 
cost of the cylinder. Case No, 3813" 


**If any of these savings are applicable to your plant and you want ad 
ditional details, refer the case number to the nearest Linde District Of m 
fice. If these savings suggest that oxwelding can profitably reclaim worn 
or broken part for you, too, the vast experience of the Linde Air Products 


IN CANADA: DOMINION OXYGEN COMPANY, LTD., TORONTO Denver 


LINDE OXYGEN * PREST-O-LITE ACETYLENE + OXWELD APPARATUS AND SUPPLIES + UNION CARBIDE 


Company in the development and application of the oxy-acetylene process e 
is available to vou. Write or ‘phone today 
District Offices 
THE LINDE AIR PRODUCTS COMPANY aan Detroit New York 
Baltimore El Paso Philadelphie 
Unit of Union Carbide and Carbon Corporation Birmingham = Houston Pittsburgh 
anses 
196 Producing Plaats UCC) 627 Wasehouse Stocks Chicego Los Angeles San inane 
Cleveland Milwaukee Seattle 


Minneapolis Tulse 
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Face LITERATURE 


Hardening High Speed 


Spoilage is eliminated when high 
speed steel is hardened in Certain 
Curtain electric furnaces, claims a 
new booklet issued by C. Hayes, 
Ine. Grain growth is) controlled 
and the most delicate tools develop 
hardness without deear- 
burization, Scaling or fusing. 
Bulletin No-15. 


Optics in Metallurgy 

\ surprisingly large number of 
uses for optical instruments in 
metal working are described in a 
new booklet of Bausch & Lomb 
Optical Co. Photomicrography is, 
of course, prominent among these, 
but this well) illustrated booklet 
shows many other interesting 
optical instruments. Bulletin No-35. 


New Hardening Method 
All three vital factors in correct 
hardening are completely con 
trolled by the new Vapocarb Hump 
method of hardening, which is well 
described in a Leeds & Northrup 
bulletin, The three factors are: 
Quench point, rate of heating, and 
furnace atmosphere. Complete de 
tails are given in Bulletin No-46 


New Chromium Siteel 

\ new Enduro has just been de 
veloped by Republic Steel Corp. 
Enduro Chromium, which is 
a fine heat resisting alloy. A new 
handbook gives full) information 
which will be appreciated by de 
Signing and research = engineers, 
metallurgists and metal plant execu 
tives. Bulletin No &. 


Berylium-Copper 

Beryvilium-Copper is relatively 
new alloy produced by American 
Brass Co. which can be heat treated 
to tensiles as high as 181,000 Ib. per 
sq.in, It is supplied in sheets, wire, 
rods, tubes and forgings. An excel 
lent booklet gives full information 
on fabrication and treating. Bul 
letin No-89, 


Bright Annealing 

\ publication of Electric) Fur 
nace Co. describes new develop 
ments in controlled atmosphere fur 
naces for continuous deoxidize an- 
nealing, bright) normalizing and 
bright annealing both ferrous and 
non-ferrous metals. Sheets, strip, 
coils, tubing and wire come clean, 
bright and dry from these furnaces. 
Bulletin No-30. 


Water Treating 


Dearborn Chemical Co. has pre 
pared booklet) describing the 
operation of their lines of water 
treating units and testing equip- 
ment. Photographs and drawings 
illustrate the equipment the 
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text describes the manner of oper- 
ation. Bulletin No-37. 


Nitriding Facts 

Information on possible new ap 
plications of Nitralloy the 
nitriding process in view of recent 
developments may be obtained from 
Ludlum Steel Co. New economies 
in production and a better product 
may now be obtained. Bulletin 
Jn-94, 


Roll Grinding 


Carborundum Co. has just pub- 
lished a 50-page booklet on roll 
grinding which may be considered 
a handbook of available informa- 
tion on this subject. Carefully 
written and amply illustrated, this 
treatise will undoubtedly be of real 
practical value. Bulletin) Au-57. 


High Cr Cast Iron 


A pamphlet describing foundry 
production of cast irons containing 
from 15 to 30% of chromium has 
been issued by Electro Metallurgical 
Co. These cast irons do not grow 
or seale after repeated heatings and 
are excellent for high temperature 
work. Bulletin Ma-16. 


“Vee-less” Arc Welds 


New literature covering a very 
recent development in are welding 
has been prepared by Metal & 
Thermit Corp. Known as Murex 
Straight Gap welding, the new 
process eliminates grooving or 
“veeing” the edges even of heavy 
plates. Welding time is halved 
and other savings are effected, it 
is claimed. Bulletin My-64. 


Stainless Sheets 

A very useful booklet describing 
the stainless steel sheets and light 
plates made by American Sheet & 
Tin Plate Co. gives recommenda- 
tions for fabrication and a descrip- 
tion of finishes and analyses avail- 
able. Bulletin Ap-96. 


X-Rays in Industry 

General Electric X-Ray Corp. has 
available profusely illustrated 
brochure entitled “Industrial Ap- 
plication of the X-Ray,” which 
gives the complete story of the field 
of application of this modern. in- 
spection tool. Valuable information 
is presented. Bulletin Ma-6. 


Sheffield Steel 


Win. Jessop & Sons, Inc., in a re- 
cent publication explain why their 
Shetlield) Superior oil hardening 
steel does not distort and is easily 
machined. They assign as reasons 
a special anneal and a proper bal- 
ancing of the carbon, manganese 
and tungsten contents. Full details 
are presented in Bulletin Jn-61. 


Continuous Carburizing 


Furnaces for continuous gas ca: 
burizing by the Eutectrol proces 
are described in a new folder b 
Surface Combustion Corp. Phot 
graphs of installations and pe: 
formance data are used to show th: 
advantages of the process. Bul 
letin Oec-dl. 


Choosing Nickel Steel 


International Nickel Co. has a 
ingenious chart to show at a glance: 
the nickel alloy steel composition 
and treatments needed to develo; 
vield points in section sizes from | 
to 12 in. It is useful in selecting 
bars, shafting and forgings of sin 
ple shape. Bulletin Au-45. 


Globar Elements 

Globar electrical heating units 
and a= variety of accessories for 
their operation have been cata 
logued by Globar Corp. A list of 
the standard industrial type heat 
ing elements and a coordinated list 
of terminal mountings and acces 
sories is included. Bulletin N-25. 


Heat Resisting Alloys 

Authoritative information on al 
lov castings, especially the chro 
mium-nickel and straight chromiun 
alloys manufactured by General Al 
loys Co. to resist corrosion and 
high temperatures, is contained in 
one of that company’s publications 
Bulletin D-17. 


X-Rayed Alloy Castings 

A folder just issued by Electro 
Alloys Co. describes their X-Ray in 
spection service of Thermalloy heat 
resisting castings for high tempera 
ture work. Considerable data on 
the use of X-Ray tubes and “radon’ 
capsules to check foundry practic 
are presented. Typical radiographs 
and tables of physical properties 
are included. Bulletin Oc-32. 


Titanium Cast Iron 

The effects of titanium on_ thy 
structure and properties of gray 
cast iron, especially as contrasted 
with those of other commonly used 
alloys, are described in a pamphle! 
offered by Titanium Alloy Mfg. Co 
The results given were obtained by) 
regular operating practice in sey 
eral foundries and not solely by) 
laboratory experiments. Bulleti 
J1-90. 


Big-End-Up 

Gathmann Engineering Co. brie! 
ly explains the advantages of stee 
cast in big-end-up ingots, showings 
the freedom from pipe, excessiv: 
segregation and axial porosity. A! 
82° ingot-to-bloom yield of sound 
steel is the usual practice. Bullet! 
Fe-13. 
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New Zinc Coating 

Wire which has been zine coated 
by the new Bethanizing process is 
described in Bethlehem Steel Co.'s 
latest folder. This process pro- 
duces a zine coating which has 
proved to be more ductile, tighter, 
tougher, more uniform and purer. 
Coatings 3 times as heavy as form- 
erly can be made. Bulletin Au-76. 


Uses of Molybdenum 

Climax Molybdenum Co. offers a 
new and useful 50-page booklet 
dealing with the benetits conferred 
by molybdenum as an alloying ele- 
ment in iron and steel. In orderly 
fashion engineering data are pre- 
sented and made clear with numer- 
ous tables and illustrations. —Bul- 
letin Au-4. 


Maintenance Welding 
This interesting booklet describes 
the use of the oxyacetylene process 
in the reclamation of broken and 
worn machine parts, alteration, 
fabrication and _ installation of 
equipment. Such equipment as 
piping, tanks, machine elements, 
engine and pump parts and convey- 
ing systems is covered in the 16- 
page illustrated booklet of Linde 
Air Products Co. Bulletin J1-63. 


Flectric Furnaces 

Full details of the line of electric 
furnaces made by Hoskins Mfg. Co. 
are well presented in their latest 
{2-page catalog. Contents include 
description and data on 17 types of 
furnaces and some valuable infor- 
mation on Chromel resistance wires 
and thermocouples. Bulletin Sp-24. 


How to Work Stainless 


A very handy booklet on stainless 
steel is offered by Carpenter Steel 
Co. It has been compiled for quick 
reference and contains accurate 
working data on all forms and 
types of stainless which should be 
extremely helpful in working out 
manufacturing problems. Bulletin 
Oec-12. 


Cyanide Baths 


Much practical information on 
the heat treatment of steels with 
evanides and salts is contained in 
a descriptive booklet of E. I. duPont 
de Nemours & Co., R. & H. Chemi- 
cals Dept. The booklet contains 
many valuable suggestions for im- 
proved quality heat treating.  Bul- 
letin Sp-29. 


New Furnace Blowers 

Iwo new types of Turbo-Com- 
pressors are described in recent 
publications of Spencer Turbine 
Co. Uses for the 's hp. Turbo are 
presented, as is a description of the 
new single stage Turbo-Compressor 
Which affords tremendous econo- 
mies in low pressure gas aud oil 
fired equipment. Bulletin Sp-70. 


Quenching Handbook 


E. F. Houghton & Co. have pub- 
lished an excellent 80-page hand- 
book on the subject of quenching. 
More than 30 charts and photomic- 
rographs help tell the story. A 
copy will be sent free to those who 
request it. Bulletin J1-38. 


NOVEMBER, 1933 


Quicker Heat Treating 

Driver-Harris Co. discusses Ni- 
chrome sheet containers for heat 
treating in an _ illustrated folder 
which honestly states that while for 
certain purposes sheet containers 
cannot be used economically, there 
are a multitude of installations 
where their advantages of lightness 
and quicker heating can be fully 
utilized. Bulletin J1-19. 


Darkfield Microscopy 


Comparison is made of darkfield 
and brighttield metallographic ex- 
amination in a 16-page publication 
of E. Leitz, Inc. The equipment 
necessary for darkfield microscopy 
is described and prices are given. 
Several sets of micros of the same 
field contrast the two methods of 
illumination. Bulletin Ja-47. 


Pickling Inhibitors 

A pamphlet describing the nature 
and use of Grasselli Inhibitors is 
available to all those interested in 
the pickling of steel. It not only 
describes the merits of these in- 
hibitors, but it gives a table of sug- 
gested inhibitor strengths to be 
used in the pickling of the various 
grades of steel. Bulletin Ap-95. 


Hlectric Pot Furnace 

American Electric Furnace Co. 
has just published a new 4-page 
folder showing the’ construction 
features and giving the operating 
advantages of their “American” 
electric pot furnace as used for 
lead, salt and cyanide baths.  Bul- 
letin Oc-2. 


Aluminum Corrosion 

In the carefully prepared booklet, 
“Combating Chemical Corrosion 
with Alcoa Aluminum,” published 
by Aluminum Co. of America, 
effects of various corrosive agents 
upon aluminum and its alloys are 
described in detail. It is an excel- 
lent and convenient source of in- 
formation on this subject. Bulle- 
tin Sp-54. 


New Foxboro Pyrometer 

Foxboro Co. describes the new 
Foxboro potentiometer recording 
pyrometer in a recent bulletin. The 
outstanding features are a new de- 
sign of balancing mechanism, 
ability to make from one to. six 
records, a 12-in. chart, rapid re- 
cording cycle and a moisture-proof 
case. Bulletin Au-21. 


New Heat Controller 


“Straight Line Control” of fur 
nace temperature is possible with 
the Trendalizer Controller made by 
Brown Instrument Co. There is no 
zig-zagging across the control point, 
because this unique device changes 
its control action in accordance 
with both temperature trend and 
extent of deviation. Bulletin Sp-3 


To Prevent Rust 


The well known rust preventive, 
No-Ox-ld, is now available from 
Dearborn Chemical Co. as a foun 
dation for paint. It is available in 
the colors red, gray or black. \ 
booklet explains how maximum re 
sistance to corrosion can be ob 
tained. Bulletin Ju-36., 


Hardness Testing 


Everyone interested in the testing 
of metals for hardness will do well 
to have on hand a copy of a 
catalog recently issued by Wilson 
Mechanical Instrument Co., illus 
trating and describing the latest 
design of Rockwell Hardness 
Testers and auxiliary work sup 
ports. Bulletin Sp-22. 


Scleroscopes 


The model D standard recording 
scleroscope is described and illus 
trated in a recent publication of 
Shore Instrument Co. rhe theory 
and practice of hardness testing 
with this portable machine as de 
scribed in this bulletin reveal a 
fund of valuable facts. Bulletin S 
New Type Furnace 

A new bell-type retort furnace 
made by American Gas Furnace Co. 
can be used in qnick succession for 
carburizing, nitriding, bright an 
nealing in gas atmospheres, or for 
hardening, normalizing, tempering 


or annealing. It is an ideal heat 
treating tool where production is 
widely varied in character. Bul 


letin Jn-11. 
Cast Vanadium Steel 


Jerome Strauss and George L. 
Norris have written a_ technical 
booklet for Vanadium Corp. of 
America describing the properties 
developed by steel castings con 
taining various percentages of va 
nadium. The information given is 
complete and authoritative Bul 
letin S-27. 


Metal Progress 
7016 Euclid Ave., Cleveland. 


Please have sent to me without 


charge the following literature as 


described in the November issue. (Please order by number only.) 


Name 


Position Firm 


Address 
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STAINLESS 


AND HEAT RESISTING ALLOY STEEL 


AND LIGHT PLATES 


~ 


In Alloy Metal Fields 


Insist upon USS STAINLEss Stee] Sheets — produced 


| in anumber of grades and finishes, and adapted to a 
wide range of applications. Write for literature and 
full information on the following alloys 


USS Curomium-NIcKeL Steels, A ustenitic: 18-8; 18-12; 25-12 
USS Curomium-ALLoy Steels, Ferritic: 12; 17; 27 


Ca nidation, inc., New dork, ar ree AG 
This Company manufactures a full line of Galvanized Sheets, Galvannealed Sheets, 
AmERICAN Black Sheets, Keystone Rust Forn Roofing and Siding Products, Aut 
Resisting Copper Steel Sheets, Ap Rest mobile Sheets, Special Sheets, Tin and Terme 
Bloom Galvanized Sheets, Heavy - Coated Piates, etc. Write for further information, 


AMERICAN SHEET AND TIN PLATE COMPANY, Pittsburgh, Pa. 


SUBSIDIARY of UNITED STATES STEEL CORPORATIO 


Columbia 


TOOL STEEL 


» » UNI- DIE 


is the new, oil 


hardening, non- 


deforming die 
steel with a wide 
hardening range. 


COLUMBIA TOOL STEEL COMPANY 


MAIN OFFICE ANO WORKS 
500 E. 14TH STREET. CHICAGO HEIGHTS. ILLINOIS 
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Flakes 


(Continued from page 17) a very sordid appear- 
ance, while the other actually had pieces as 
large in diameter as a nickel pull out during 
the rough machining operation, presenting a 
bright, coarse crystalline fracture. Subsequent 
investigation showed this material to be full of 
the typical flakes, and the unaffected surround- 
ing material presented the well-refined heat 
treated structure. 

On checking back we found that the ingot 
from which these two forgings were made had 
been stripped immediately after solidification, 
transferred at once to the forge furnace, and 
the forged slabs laid on the floor to cool. The 
ingot itself had not cooled through its normal 
critical stages, and the forging heat had had 
little effect on the primary ingot structure- 
what breaking down had been effected was the 
result of mechanical work. When these forg- 
ings were laid out to cool, they were in part 
actually cooling down from the casting temper- 
ature and not from the forging heat. Therefore, 
it is easy to realize why these forgings still had 
a very coarse structure and were in such con- 
dition as to permit the spread of internal rup- 
tures when passing through the critical range. 

Recently there has been a growing demand 
for alloy steel castings — particularly for those 
containing approximately 5° chromium, where 
both strength and corrosion resisting properties 
are required. The unsuspecting steel founder, 
not fully conversant with its volume change at 
a low temperature critical range, is learning 
(by the costly experience of many castings re- 
jected for small internal cracks) the necessity 
for more careful control. This material, imme- 
diately it is released from the mold and while 
still showing a red color, must either be charged 
at once into a furnace already at a red heat 
and allowed to cool slowly in the furnace, or 
else covered with loose clinker to allow freedom 
of movement as the casting cools and then 
buried in dry floor sand to exclude air and 
prevent chilling. After having cooled to ap- 
proximately 300° C. by either method, the cast- 
ings should then receive their correct treatment 


to refine the structure. 
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